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STUDIES OF THE GROWTH AND BLOOD COMPOSITION OP 
DAIRY CALVES FED REMADE SKIM MILK AFTER 
THREE DAYS OP AGBV 


L. B. ABRINOTONa AND K M. BEAYES 
Dairy Husbandry Department^ Virgmia Dolyteelmic l7istUute, Blacksburg 


The common method of feeding dairy eah'^es for the first few weeks con- 
sists of feeding whole milk or partially skimmed milk for a limited time and 
then changing to skim milk. Other methods reported (3, 4, 10) involve 
changing abruptly to skim milk after the eolostxmm period and have proved 
satisfactory when the skim milk has been supplemented with vitamins A and 
D. Less success has been reported, however, with feeding remade skim milk. 
Morrow (11), in comparing fresh skim milk with remade skim milk, found 
that calves fed remade skim milk did not make as good growth as those 
fed fresh skim milk. Digestive disturbances also were noted in those calves 
fed the remade skim milk. Knott et al. (6) fed remade skim milk after 2 to 
6 weeks of age and thereafter fed skim milk poYvcler in the grain ration; 
they secured normal growth. 

The partial success with feeding remade skim milk indicated the need for 
additional study of this method of feeding. The effects of this method would 
be expected to be exhibited, first, in the growth of the animals. The Ip-w-fat 
intake of the ration indicated a study of the blood fat content. Allen (2) 
has reported that the blood fat of dairy cattle is closely associated with 
feeding conditions. He reported that the blood of the newborn calf con- 
tains only a trace of fat, but the fat increases rapidly^ with the ingestion of 
food. This method of feeding also suggested a study of the blood carotene 
and vitamin A, since the skim milk must be supplemented with carotene 
or vitamin A. 

EXPERIMENTAL PROCEDURE 

Seven Holstein and six Jersey male calves from the Virginia Polytechnic 
Institute dairy herd were used for this experiment. The ^even Holstein 
calves and five of the Jersey calves were removed from their dams on the 

Received for publication June 5, 1947. 
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third day after birth and placed on the experixnental ration. One of the 
Jersey calves was 10 days old when placed on the experiment and had re- 
ceived whole milk until that time. Bacli calf was housed in an individual 
stall throughout the experiment. An additional Holstein calf was used as 
a eontrolj being handled in the same mamier as the others except that fresh 
whole milk whs fed in place of remade skim milk. 

The experimental ration of X’emade skim milk was prepared by mixing 
1 lb. of skim milk powder (spray process) with 9 ib. of -warm water. This 
was fed at the rate of 1 lb. of milk daily per 10 lb. of body Weight, A gTain 
mixture was supplied as soon as the calves would eat it. The mixture con- 
sisted of 200 lb. of corn, 100 lb. of wheat, 250 lb. of whole oats, 250 lb. of 
wheat bran, 100 lb. of distillers grain, 100 lb. of linseed meal, 10 lb. of 
steamed bone meal, and 10 lb. of salt. Chopped red clover and alfalfa ha^" 
was supplied ad iMtimi as early as the calves would eat it. 

One group of calves was fed a carotene coneentrate the other group 
was fed cod-liver oil as the supplement. Those calves receiving tlie carotene 
supplement were given 20 drops of viosterol daily as a prote(3tion against 
vitamin D deficiency. The rat§ of carotene feeding wms adjusted weekly 
with the increase ill body weight. These concentrates -were fed by mixing 
with the milk at the evening feeding. 

Body weight and height at withei\s were taken at 3 days of age, when each 
calf was placed on the experiment, and each week thereafter, and blood fat 
determinations were made using the method described by Allen (1) . Blood 
carotene determinations also ivere made iveeldy by the method of Moore 
(7), and blood vitamin A deteinuinations wei’e made xveekly on six of the 
calves by the method of Kimble (5). 

, RESULTS 

Six of the seven Holstein calves lived through the experimeutai period. 
Only one of the Jerseys (no. 812) lived through the experimental period, 
but this one was 10 days old when placed on experiment and had received 
whole milk until that time. Another Jersey calf (no. 813) lived until 14 
weeks of age and died of bloating. Gain in ])ody weight for this <*.alf was 
slightly below normal. Since four of the six Jersey calves died within 2 
to 4 weeks following the change to remade skim milk, they evidently could 
not withstand the. abrupt change to the experimental ration or did not have 
the reserve to carry them over until they consumed feed other than milk. 
In each case where the calf died, scours occurred, and there wUvS a steady 
loss in weight. Scours occurred in some of the other calves also, and it be- 
came necessary to reduce the milk intake. After the first 2 to 3 ^veeks, 
scours was much less prevalent, and animals appeared to be in better general 
health. There w^ere no evidences of vitamin A or D tlefieieney. 

3 A commercial carotene preparation, Carotene — ^Type r-25, prepared and sup- 
plied by General Biochemicals, Ine. 
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Table 1 shows the weekly weight of each calf throughout the experi- 
mental period. The Holsteiiis showed little or no gain for 2 or 3 weeks 
following the change to the experimental ration^ and the Jerseys lost weight 
during this time. The retarded rate of gain is attributed to the low T.D.N. 
intake of the ration, since increases were nearly normal soon after grain 
and hay were consumed regularly. The intake of nutrients* was below’^ the 
requirement according to the Morrison Standard (9) until grain and hay 
waia taken. 

With the normal intake of grain and hay at about 6 w-eeks of age, in- 
creases in body weight ware almost normal, and at 16 weeks of age the 
calves were practically normal size according to figures of Ragsdale (12) . 

Gains in height at withers w’ere slightly below^ the normal late (12) for 
the first few w^eeks. Aiter about 3 w^eeks the Holsteins showed a normal 
increase in height, and after about 5 weeks the increase for the Jerseys com- 
pared favorably wdth the normal. There was no apparent difference in 
body weight and height at wdthers between the group fed carotene and 
the group fed cod-liver oil. Calves no. 819 and 821 ware selected as typical 
calves from each group. Figure 1 showa a photograph of each. 

Table 2 shows the weekly' blood fat content of each calf. There ware 
variations from Aveek to waek and there ware differences among the animals, 
but there was no significant difference betwaen the group fed eaxatene and 
the group fed cod-liver oil. Blood fat of the experimental calves was iowar 
than that of the control calf fed Avhole milk. With the increase in intake 
of grain and hay, blood fat increased. 

Blood carotene levels in those calves fed the carotene supplement ware 
Avell above those reported as minimum requirements (8). The amount of 
blood carotene was considerably higher in this group than- in the group fed 
cod-liver oil (table 3). There ware slight variations from week to waek in 
each group, but a general trend to a higher level toward the end of tlie 
experiment, Avhen the calves AAare eating more hay, was apparent. 

Blood vitamin A determinations ware made on only six of the experi- 
mental animals, including the control. The plasma concentrations of those 
calves fed cod-liver oil as a supplement ware higlier than those of either the 
carotene group or the control calf (table 4). Concentrations for the control 
calf ranged intermediate betwaen those of the cod-liver oil group and tlie 
carotene group. 

SUMMARY ■ ■ ■ ■ ■ 

Seven Holstein and six Jersey male calves were fed an experimental 
ration of remade skim milk supplemented wdth Autamiii A and D in the 
form of carotene and viosterol or cod-liver oil. The seven Holstein calves 
and five of the Jersey calves were placed on the experimental ration at 3 days 
of age. One of the Jersey calves received wdiole milk until 10 days of age. 
Grain and hay were fed as soon as the calves w^ould eat it. 
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Six of the seven Holstein ealves lived tiirongh the experimental period 
of about 16 weeks. Growth rates were below normal for the first few weeks, 
but Holstein ealves were practically normal size at 16 weeks of age. Four 
of the six Jersey calves died within 2 to 4 weeks following the change to 
the experimental ration. One of the other Jerseys died at 14 weeks of age 
from bloat, and only one Jersey lived through the 16- week experimental 
period. This one received whole milk until 10 days of age. There was 
no difference in growth rates between the groups fed the different vitamin 
supifiements. 

Blood fat content was lower in ealves fed the experimental ration than 
that of the control calf fed whole milk. As the quantity of grain and hay 
consumed increased, the blood fat increased. 

Blood carotene w^as higher in calves receiving the carotene supplement 
than that of the control calf on whole milk or that of the experimental ealves 
receiving cod-liver oil as the supplement. 

Blood vitamin A of calves fed cod-liver oil was higher than that of the 
control calf or that of the group receiving carotene as the supplement. 
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THE EFFECT OF PENICILLIN UPON THE LIVABILITY, 
GLYCOLYSIS, AND BACTERIAL CONTENT 
OF BOVINE SEMEN’-" 

J. O. ALMQUIST.S W. T. S. THORP, < and C. B. KNODTs 
Pemieylvamd Agricultural Experimeut Station, State College 

One of tlie most impox^tant problems in the artificial breeding of dair^^ 
cattle at the present time is the control of the bacterial flora of diluted bull 
semen. While present-day techniques in the collection of bull semen under 
routine aidifieial breeding conditions tend to reduce bacterial contamination, 
it is still impossible to obtain semen which is absolutely free of bacteria. 
Uidess adequate precautions are taken in the preparation and handling of 
the diluted semen, further contaniiiiation may occur. In addition, both 
undiluted and diluted semen serve as excellent media for bacterial growth. 

It is believed that the semen of the bull may serve as a means of trans- 
mitting certain genital infections which are related to fertility problems in 
a daily herd. The -widespread use of artificial breeding has greatly magni- 
fied the seiiousness of this x'>yoblem. 

On the basis of the foregoing facts, the addition to semen of an anti- 
bacterial substance which does not exert an injurious effect on the sperma- 
tozoa would be of value in artificial breeding under field conditions. 

As early as 1917, Ivanov (3) recognized and investigated the possibility 
of controlling the spread of infection by adding certain chemical substances, 
namely, ethyl alcohol, atoxyl, and salvarsan, to contaminated semen. In 
1940 Shettles (8) reported that the survival and activity of human sperma- 
tozoa were iiot reduced by sulfanilamide or sulfapyridine in concentrations 
as high as 160 mg. per 100 ml. of the Baker ^s fluid used for diluting pur- 
poses. However, Knodt and Salisbury (4) were the first investigators to 
study the feasibility of using certain bacteriostatic compounds to control 
bacterial growth in bull semen. Using sulfanilamide at levels ranging 
from 0 to 1,000 mg. per 100 ml. of yolk-citrate diluter, they found that levels 
of 200 mg. and over controlled the growth of bacteria in stored diluted 
semen (20 days' storage at 5"^ C.). They concluded that 300 mg, of sulfa- 

Eeceived for publication September 17, 1947. 

1 Authorized for publication September 12, 1947, as paper no. 1390 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. This study was supported 
in part by funds granted by Charles Pfizer and Co., Inc., Brooklyn, New York, who also 
provided the penicillin. 

2 The data contained in this paper are part of a thesis submitted by the senior author 
to the Graduate School of The Pennsylvania State College in partial fulfillment of the 
requirements for the degree of Doctor of Philosojihy, 1947. 

3 Department of Dairy Husbandry. 

4 Now with the National Institute of Health, Bethesda, Maryland. 
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Unless adequate precautions are taken in the preparation and handling of 
the diluted semen, further contamination may occur. In addition, both 
undiluted and diluted semen serve as excellent media for bacterial growth. 

It is believed that the semen of the bull may serve as a means of trans- 
mitting certain genital infections which are related to fertility problems in 
a dairy herd. The widespread use of artificial breeding has greatly magni- 
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bacterial substance which does not exert an injurious effect on the sperma- 
tozoa wunld be of value in artificial breeding under field conditions. 

As early as 1917, Ivanov (3) recognized and investigated the possibility 
of controlling the spread of infection by adding certain chemical substances, 
namely, ethyl alcohol, atoxyl, and salvarsaii, to contaminated semen. In 
1940 Shettles (8) reported that the survival and activity of human sperma- 
tozoa were not reduced by sulfanilamide or sulfapyridine in concentrations 
as high as 160 mg. per 100 ml. of the^^^ fluid used for diluting pur- 

poses. However, Knodt and Salisbury (4) were the first investigators to 
study the feasibility of using certain bacteriostatic compounds to control 
bacterial growth in bull semen. Using sulfanilamide at levels ranging 
from 0 to 1,000 mg, per 100 ml. of yolk-citrate diluter, they found that levels 
of 200 mg, and over controlled the groMh of bacteria in stored diluted 
semen (20 days' storage at 5^" G,). They concluded that 300 mg. of sulfa- 
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nilamicle per 100 ml. of diliiter was the most favorable level since it not 
only prevented bacterial growth but also brought about a significant increase 
ill spermatozoan livability. Further studies by these workers (6) more 
recently have shown that the addition of sulfanilamide to diluter at this 
optimal level gave an increase in the fertility of bull semen used in the 
routine artificial breeding of dairy cows. They attributed the beneficial 
effects of sulfanilamide on fertility to changes in the metabolism of the 
spermatozoa rather than to the control of bacterial growth alone. 

Eeeently the possibility of using other antibacterial agents to prevent 
bacterial growth in bull semen has been reported. In attempts to produce 
a synthetic diluting medium which would be superior to the egg yolk-buffer 
diluters commonly used at the present time, Phillips and Spitzer (5) noticed 
considerable growth of bacteria in some of the preparations. After studying 
the effect of various antibacterial substances upon the motility of sperma- 
tozoa during storage, they recommended that 0,03 per cent of sulfathalidine, 
sulfasuxidine, or streptomycin be added to their newly developed lipid- 
glueose-buffer-gum (L6B) diluter to control bacterial contamination. They 
also mentioned that penicillin was not deleterious to spermatozoan motility 
but did not recommend its use in their LGB diluter. 

Since penicillin is recognized as one of the most effective antibiotic 
agents in treating a vainety of infectioiis and is unique because of lo'w tissue 
toxicity, it seemed desirable to study its use in bovine semen. Thus labora- 
tory and field experiments were undertaken to determine the effects of peni- 
cillin upon the bacterial content of diluted bovine semen and its influence on 
the livability, metabolism, and fertility of the spermatozoa. The effect of 
penicillin upon fertility still is under investigation and will be reported later. 

EXPERIMENTAL 

E'ffect of penicillin upon spermatozoan livability. Preliminary studies 
to determine the effect of penicillin upon spermatozoan livability indicated 
that levels of 2,500 up to 10,000 Oxford units of penicillin per ml. of diluted 
semen w^ere definitely detrimental. Thus, penicillin was added to 12 samples 
of bull semen at the rate of 0, 250, 500, 750, 1,000, 1,250, 1,500, and 2,000 
Oxford units per ml. of diluted semen. The 12 ejaculates were diluted at the 
constant rate of one part of fresh semen to 24 parts of egg yolk-citrate 
diluter. This dilution was selected because it represented the avex'age 
dilution rate being used by the artificial breeding cooperatives in Pennsyl- 
vania at the time the experiment was designed. The yolk-citrate diluter 
was composed of one part, of fresh egg yolk and one part of citrate buffer 
prepared by dissolving 3.6 g. of NaaCoHrO? ' 2HaO in 100 ml. of water dis- 
tilled over glass. When the design of the experiment involved the addition 
of penicillin, the desired amount of this substance was dissolved in the 
sodium citrate solution and mixed with the egg yolk in order to ensure the 
preparation of a diluter which wmuld have a 1 : 1 ratio of yolk to buffer. 
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To test the effect of penicillin upon spennatozoan livability, the diluted 
semen was stored at 4.5°C. and the percentages of actively motile sperma- 
tozoa were determined every 2 days for a period of 20 days. At 0, 8, and 
16 days of stox’age, snbsamples were taken for glucose and lactic acid deter- 
minations, as well as for bacterial counts and penicillin assays. 

The 12 ejaculates studied had a mean concentration of 1,147,000 sperma- 
tozoa per eubie millimeter, a mean motility of 70 per cent active spermatozoa, 
and a mean methylene blue reduction time of 7.2 minutes (range 5.0 to 10.0 
minutes). 

The results of the motility observations ai'e shown in table 1. Bach 
figure represents a mean of 12 ejaculates. Analysis of variance involving 
a total of 960 motility estimations showed no significant differences in liva- 
bility between the 0, 250, 500, and 750 unit levels of .penieillin. The 1,000, 


TABLE 1 

The effect of penieillin upon the livability of spermatozoa 


Penicillin 
units per 
ml. diluted 
semen 

Per cent motile spermatozoa (12 ejaculates) 

Before 


After storage at 4,5'° 

0.for 


storage 

4 days 

8 days 

12 days 

16 days 

20 days 

Control 

i.'' .70" 

52 

41' ' 

31 1 

1 . 17 

11 

250 

I : 70 

52 

40 

30 

16 

11 

500 

70 

■■ ■ ■ 52.'''. 

40 

27 

17 

■ 7 

750 

70 

54 

40 

27 

16 

. -7 ' ■ 

1000 

70 

62 

39 

26 

16 

■ ' 6 

1250 

70 

51 

37 

25 

14 ■ 

4 

1500 

70 

47 

33 

22 

12 

4 

2000 

70 

45 

32 

21 

10 

2' 


1,250, 1,500, and 2,000 unit' levels of penicillin brought about a highly sig- 
nificant (P= <0.01) deeline in the ability of the spermatozoa to maintain 
motility as compared to the untreated controls. Highly significant differ- 
ences between ejaculates and between storage intervals were found, as well 
as highly significant ejaculate x treatment and storage interval x ejaculate 
interactions. Apparently the various ejaculates responded differently to 
the several levels of penicillin in their livability during storage. 

An examination of the mean motility observations for each treatment 
indicated that there was a more or less uniform decline in livability with 
increased amounts of penieillin. Thus, the relationship between sperma- 
tozoan livability and level of penicillin also was studied by means of re- 
gression. Both highly .significant linear and curvilinear regressions were 
obtained (fig. 1). However, a test of significance of departure from linear- 
ity showed that the linear regression represented the livability data more 
accurately. Based on linear regression, the mean percentage of motile 
spermatozoa during 20 days’ storage decreased by 0.9 per cent for each 
additional 250 units of penicillin as compared to the untreated controls. 
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PENICILIjIN in bovine semen 

til 0 various levels of penicillin. The addition of penicillin increased the 
percentage of glucose loss recovered as lactic acid as compared to the tubes 
without penicillin. Thus, bacteria may have utilized part of the glucose not 
recovered as lactic acid iii the diluted semen which was not treated with 
penicillin. 

Effect of penicillin upon the 'bacterial content of dilated semen. Bac- 
terial plate counts were made on five samples of diluted semen using veal 
infusion agar containing 2 per cent sterile deflbrinated ox blood. The 
samples were plated at dilutions of 1:10, 1 : 100, 1 ; 1,000, and 1:10,000 
wdth incubation at 37"^ C. for 72 to 96 hours. Organisms of the eoliform 
group were determined by counts on desoxycholate agar plates which w^ere 
examined after 24 hours at 37® C. and, if no colonies were j'lresent, after 
an additional 24 to 48 hours. Bacterial counts were made not only on di- 
luted semen after 0, 8, and 16 da^^s of storage, but also on samples of un- 
diluted semen and yolk-citrate diluter stored for the same intervals. 

TABLE 2 

The effect of penicillm upon the ffh/cohms of diluted hull semen stored for 16 
daysatd.f'^C, (mean of 0 determinations) 


Units of penkdllin per ml. of diluted semen 



0 

2e50 

500 

750 

1000 

1250 

1500 

2000 

Mg. % glucose’^ loss ... 
Mg. % lactic acid 

63 

46 

58 

51 

43 

52 

49 

44 

gain 

% glucose utilized re- 
covered as lactic 

46 

47 

47 

49 

48 

49 

46 

. 42 

acid 

73 

102 

81 

96 

112 

94 

94 

95 


* Beducing substances expressed as glucose. 


In the five semen samples studied, no growth of typ>ical eoliform colonies 
on the desoxyeholate agar plates was noted. 

The data presented in table 3 indicate that penieillin retarded bacterial 
giwth in freshly diluted semen and diluted semen stored for 8 days, whereas 
considerable grovdh was observed in the tubes without penicillin. The 
majority of the plates made from both penicillin-treated and untreated 
semen stored for 16 days possessed a heavy gro-wth of minute colonies which 
made counting impossible. In four out of 20 possible cases, countable 
plates were obtained at the 250 and 500 unit levels from the tubes stored 
for 0 and 8 days. Possibly the raw semen contained bacteria which were 
relatively resistant to penicillin at these lo-wer concentrations but which 
were inhibited by the higher concentrations. 

The three irregular plate counts obtained in sample numbers 13 and 14 
at levels of 1,000, 1,500, and 2,000 units (after storage for 8 days), as well 
as the heavy growth of pin-point colonies noted at 16 days (table 3), may 
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be due to bacterial contamiiiatiou of the samples during^ storage. That is, 
the tubes from which the subsamples for plate counts were taken were 
opened every 2 days during storage in order to make motility observations 
on the spermatozoa. Thus, it is possible that penicillin-resistant organisms 
wei’e added to the samples. The bacterial counts on the yolk-eitrate diluter 
stored for 8 days were, the same, with only one exception, as those obtained 
prior to storage. These tubes were not opened during the 8-day storage 
period and thus contamination apparently was avoided. 

Total plate counts on portions of freshly collected semen showed con- 
siderable variation, ranging from 200 to 960,000 bacteria per ml. with a 
mean of 364,000 bacteria per mi. for the five ejaculates studied. The semen 
samples were collected by means of an artificial vagina from three bulls used 

TABLE 4 


The stahility of 'penicillin vn diluted semen ^^itored at 4.5^ C, (mean of B determinations) 


Theoretical 
units of 
penicillin* 

Units of pencillin by assay (per ml. of diluted semen) 

Before storage 

After storage for 

8 days 

j 16 days 

Control 

1 ■ O' 

. ' ■■0 •" ' 

■: ■ 

250 

■ . 266 

270': 

■ 233 

500 

■ 592 ■ 

568 

468 

750 

857 

815 

719 

1000 

1133 

1152 

963 

1250 

1370 

1313 

1109 

1500 

1707 

1718 

1393 

2000 

2318 

2156 

1952 

Diluter alone 

0 

0 

0 


* Number of units expected based on tlie total units in tlie ampules according to tlie 
producer, . 

for natural breeding in the College herd and no special precautions were 
taken to clean the bulls prior to collection. 

Stahility of penicillin in diluted semen. Penicillin assays were made 
on nine samples of diluted semen after storage for 0, 8, and 16 days, not 
only to determine the stability of the antibiotic but also to obtain more 
definite information on the actual number of units of penicillin added to 
the tubes of diluted semen. The latter was of particular interest since pro- 
ducers of penicillin usually add some excess units of penicillin to their 
ampules. Assays were made according to the standai*d cylinder plate 
method of Schmidt and Moyer (7). Staphylococcus aureus was the test 
organism employed. Plain yolk-eitrate diluter was also assayed against this 
organism in order to ascertain whether or not it had any antibacterial 
activity. 

The data in table 4 show that there was practically no loss of penicillin 
activity in diluted semen stored for 8 days at 4.5° C. Even after storage 
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for 16 da^’s only a slight decrease in eoncentration occurred. The teinper- 
ature employed, as well as the fact that apparently no eoliforni organisms 
wei*e present in the samples, was undoubtedly responsible to a large extent 
for the results obtained. Organisms of the eoliforni group, particularly 
EsckeincMa coli (1) , are capable of producing a penicillinase which destroys 
penicillin. 

As indicated in table 4 the units of penieiilin obtained by assay on 
portions of the diluted semen immediately following pi’eparation always 
exceeded the theoretical number of units. Assays on yolk-citrate diliiter 
showed that it possessed no antibiotic activity. 

SUMMARY 

1. The addition of 250, 500, and 750 Oxford units of penicillin per ml. 
of diluted semen did not significantly reduce tiie ability of spermatozoa 
to maintain motility during a storage xieriod of 20 days. Levels of ]>eiiicillin 
ranging from 1,000 to 2,000 units per ml. of diluted semen brought about a 
significant decrease in spennatozoan livability during a 20-day storage 
period. 

2. In routine artificial breeding, semen is seldom used after holding 
more than 6 days. When compared with untreated control samples, no 
significant decrease in maintenance of spermatozoan motility during a 6-day 
storage period occurred as the result of addition of 250, 500, 750, or 1,000 
units of penicillin per ml. of diluted semen, but higher levels of penieiilin 
were deleterious. 

3. Within the limits of laboratory exx^erinient, the relation bet^veen 
spermatozoan livability and level of penicillin is well represented by a 
straight line, the mean xiercentage of motile spermatozoa during storage 
for 20 days decreasing by 0.9 per cent for each additional 250 units of 
penicillin. 

4. Penicillin depressed the utilization of glucose at all levels studied 
(250 to 2,000 units per ml. of diluted semen), while the amounts of lactic 
acid which accumulated were not significantly alfeeted. Addition of penicil- 
lin increased the percentage of glucose utilized which was recovered as 
lactic acid. 

5. Penicillin retarded bacterial growth at all levels in both freshly 
diluted semen and diluted semen stored for 8 days, whereas considerable 
gTOvdh was found in the semen without penicillin. The initial plate counts 
for the five ejaculates studied ranged from 200 to 960,000 bacteria per ml. 
of undiinted semen, witli a mean of 364,000 bacteria per ml. 

6. There was no appreciable loss in penieiilin activity in diluted semen 
stored for 8 days and only a slight decrease in concentration after storage 
for 16 days at 4.5*^ C. 
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for 16 days only a slight decrease in concentration occurred. The temper- 
ature emplo 3 ^ed, as well as the fact that apparently no coliform organisms 
were present in the samples, was undoubtedly responsible to a large extent 
for the results obtained. Organisms of the coliform group, particularly 
Escherichia coli (1) , are capable of producing a penicillinase which destroys 
penieillin. 

As indicated in table 4 the units of penieillin obtained by assay on 
portions of the diluted semen immediately following preparation always 
exceeded the theoretical number of units. Assays on yolk-eitrate diluter 
showed that it possessed no antibiotic activity. 

, SUMMARY ■ 

1. The addition of 250, 500, and 750 Oxford units of penicillin per niL 
of diluted semen did not significantly reduce the ability of spermatozoa 
to xnaintain motility during a storage period of 20 days. Levels of penicillin 
ranging from 1,000 to 2,000 units per ml. of diluted semen brought about a 
significant decrease in spermatozoaii livability during a 20-day storage 
period. 

2. In roxitine artificial breeding, semen is seldom used after holding 
more than 6 days. When compared with untreated control samples, no 
significant decrease in maintenance of vspermatozoan motility during a 6-day 
storage period oeeimred as the result of addition of 250, 500, 750, or 1,000 
units of penicillin per ml. of diluted semen, but higher levels of pemeillin 
were deleterious. 

3. Within the limits of laboratory experiment, the relation between 
sj)ermatozoaii livability and level of penieillin is well reiiresented by a 
straight line, the mean percentage of motile spermatozoa during storage 
for 20 days decreasing by 0.9 per cent for each additional 250 units of 
penxcillm. 

4. Penicillin depressed the utilization of glucose at all levels st ud led 
(250 to 2,000 units per ml. of diluted semen), while the amoniits of lactic 
acid which accumulated were not significantly affected. Addition of peiiicih 
lin increased the percentage of glucose utilized Avhieh was i^eeovered as 
lactic acid. 

6. Penieillin retarded bacterial growth at all levels in both freshly 
diluted semen and diluted semen stored for 8 days, whereas considerable 
growth was found in the semen without penicillin. The initial plate eonnts 
for the five ejacxxlates studied ranged from 200 to 960,000 bacteria per ml. 
of undiluted semen, with a mean of 364,000 bacteria per mi. 

6. There was no appreciable loss in penicillin activity in diluted semen 
stored for 8 days and only a slight decrease in concentration after storage 
for 16 days at 4.5° C. 
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for 16 days only a slight decrease in concentration occurred. The temper- 
ature employed, as well as the fact that apparently no coliform organisms 
were present in the samples, was undoubtedly responsible to a large extent 
for the results obtained. Organisms of the coliform group, particularly 
Escherichia coK (1), are capable of producing a penicillinase which destroys 
penicillin. 

As indicated in table 4 the units of peiiiciiliii obtained by assay on 
portions of the diluted semen immediately following preparation always 
exceeded the theoretical number of units. Assays on yolk-citrate diluter 
showed that it possessed 3io antibiotic activity. 

SUMMARY 

1. The addition of 250, 500, and 750 Oxford units of penieillin per ml. 
of diluted semen did not significantly reduce the ability of spermatozoa 
to maintain motility during a storage period of 20 days. Levels of penicillin 
ranging from 1,000 to 2,000 units per mi. of diluted semen brought about a 
significant decrease in spermatozoan livability during a 20-day storage 
period. 

2. In routine artificial breeding, semen is seldom used after holding 
more than 6 days. When compared with untreated control samples, no 
significant decrease in niaiiitenanee of spermatozoan motility during a 6-day 
storage period occurred as the result of addition of 250, 500, 750, or 1,000 
units of penicillin per ml. of diluted semen, but higher levels of penieillin 
were deleterious. 

3. Within the limits of laboratory experiment, the relation between 
spermatozoan livability and level of penicillin is well rex)reseiited by a 
straight line, the mean percentage of motile spermatozoa during storage 
for 20 days decreasing by 0.9 per cent for each additional 250 units of 
penicillin. 

4. Penicillin depressed the utilization of glucose at all levels studied 
(250 to 2,000 units per ml. of diluted semen), while the amounts of lactic 
acid whieli accumulated were not significantly affected. Addition of penicil- 
lin increased the percentage of glucose utilized which was recovered as 
lactic acid. 

5. Penicillin retarded bacterial gro-wth at all levels in both freshly 
diluted semen and diluted semen stored for 8 days, %vhereas coiisiderable 
growth was found in the semen without penieillin. The initial plate counts 
for the five ejaculates studied ranged from 200 to 960,000 bacteria per ml. 
of undiluted semen, -with a mean of 364,000 bacteria per ml. 

6. There was no appreciable loss in penicillin activity in diluted semen 
stored for 8 days and on].y a slight decrease in coueentratioii after storage 
for 16 days at 4.5^" C. 
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THE EFFECT OF CONDITIONS OP STOEAGE ON THE VISCOSITY 
OF SWEETENED CONDENSED MILK 

B. H. WEBB AND 0. F. HUPNAC4EL 

Division of Dairy Mesearch Laboratories, Buremi of Dairy Industry, Agricultural 
JReseareh Administration, U. S, Department of Agriculture 

The viscosity of sweetened condensed milk increases with age until a 
gel structure develops. The time requii^ed for the milk to change from a 
fluid to a gel state depends on the quality of the raw milk, the manufactur- 
ing processes employed, the composition of the finished milk, and the condi- 
tions of storage to which the product is subjected. This paper is concerned 
with the effect oil viscosity of variations in storage conditions, especially the 
time and temperature of storage.. ■ 

Sweeetened condensed milk should be smooth and free-flowing, but 
viscous enough to prevent settling of lactose and rise of fat during storage. 
When age thickening proceeds to the stage of gelation, the milk is no longer 
suitable for many food uses. Deterioration in flavor generally accompanies 
the change in viscosity. The data in this report indicate some of the storage 
conditions that retard undesirable increases ill viscosity. 

EXPERIMENTAL PROCEDUEE " 

The preparation of laboratory samples of sweetened condensed milk that 
Wfere uniform in viscosity from batch to batch and from day to day was ^ 
found to be very difSeult. After extensive trials a teehniqne was developed 
for the processing of 100 lb. of milk of 3.8 per cent fat and 9.15 per cent 
solids-not-fat, to which was added diiring eoneentration 18 lb. of sugar as a 
boiled sirup. All temperatures were eoiitrolled carefully, and the time re- 
quired to perform each operation ivas the same for every batch of milk. The 
milk was forewarined in a steam- jacketed kettle and concentrated in a 28-meh 
vacuum pan equipped with a steam jacket for finishing small batches of milk. 
Cooling and crystallizing were done in a water- jacketed vessel equipped with 
a stirrer. '■ 

Despite the precautions that were taken in preparing laboratoiy samples, 
these age thickened more rapidly than did the commercial milks. The labo- 
ratory samples were used chiefly in preliminary tests. The results obtained 
with the experimental milks differed from those wdth the commercial prod- 
ucts in the magnitude of their viscosities, but the relationship between 
viscosity and the factors being studied wms am')roximately the same in both 
types of samples. 

The commercial sweetened condensed milk -was prepared as parts of 
regular runs in a large condensery in northern New York. Grade A raw 
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When age thickening proceeds to the stage of gelation, the milk is no longer 
suitable for many food uses. Deterioration in flavor generally accompanies 
the change in viscosity. The data in this report indicate some of the storage 
conditions that retard undesirable increases in viscosity. 
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The preparation of laboratory samples of sAveetened condensed milk that 
Ayere uniform in viscosity from batch to batch and from day to day was 
found to be very difficult. After extensive trials a technique aaus developed 
for the processing of 100 lb, of milk of 3,8 per cent fat and 9.15 per cent 
solids-not-fat, to AAhich Avas added during concentration 18 lb. of sugar as a 
boiled sirup. All temperatures w-ere controlled carefully, and the time re- 
quired to perform each operation AA’^as the same for every batch of milk. The 
milk was foreAAmrmed in a steam- jacketed kettle and concentrated in a 28-ineh 
vacuum pan equipped with a steam jacket for finishing small batches of milk. 
Cooling and crystallizing AA^ere done in a Avater- jacketed vessel equipped with 
a stirrer. ' . 

Despite the precautions that Avere taken in x^reparing laboratory?- samples, 
these age thickened more rapidly than did the commercial milks. The labo- 
ratory samples were used chiefly in preliminary tests. The results obtained 
with the experimental nii&s differed from those with the commercial prod- 
ucts in the magnitude of their viscosities, but the relationship between 
viscosity and the factors being studied aaus approximately the same in both 
types of samples. 

The commercial sweetened condensed milk AA^as prepared as parts of 
regular runs in a large condensery in northern New York. Grade A raw 

Eeeeived for publication September 20, 1947. 

21 


22 


B. 1:1. WEBB AND C. F. HUFNAGEL 


milk was used, and all inaniifacturing operations were condncted according 
to the best factory practice. The finished product was rexireseiitative of the 
highest commerical grade of sweetened condensed iiiilk. The condensed milk 
was shipped from the plant to the Bureau laboratories by expi'ess, the trip 
requiring 5 or 6 days. 

The milks were stored in rooms where the temperature was eonti’olled 
so that flnetnations did not exceed ± 2"^ F. Samples were not inoved 
or disturbed during storage. 

Eeliable viscosity determinations on sweetened condensed milk are dif- 
ficult to make. Stebnitz and Sommer (6) constructed a special viscosimeter 
utilizing the falling-sphere method. The measurements reported here were 
made under carefully controlled conditions with a McMiehael viscosimeter 
and standardized wires. The determinations were made at 86*^ F. in a room 
maintained at this temperature. Bach determination was made with a new 
sample of milk transferred in the same way and without stirring to the viscos- 
imeter cup. Measurements often were made on duplicate samples and some- 
times five or six samples were used to establish a single value. All milk 
samples either had an initial viscosity or soon developed a viscosity high 
enough to prevent lactose and fat sepaz^atioii during storage. It is believed 
that the viscosity values obtained during the work reflect the body condition 
the eonsumer would find in the milk. The viscosity is reported in poises 
but, because of the nature of the material, the values are relative rather than 
absolnte. 

Consideration was given to the possibility of bacterial growth during 

storage of the sweetened eondensed milk. Eice and Downs (4) found that 

most of the organisms that might cause age thickening grew when the sugar 

( ' sn^^ar ■ ■ \ ■ 

sugar ratio := -n — - — x lOQ { but that 

% sugar + % water / 

growth sometimes occurred up to 64.5. The increase in titratable acidity 
found by Eiee and Downs to aecompany bacterial growth was 0.2 to 0.6 per 
cent after about 30 to 60 days of incubation. 

The sugar ratio of the milks used in these experiments was 62.5 to 63.0. 
The titratable acidity of the .samples stored at various temperatures was not 
always determined, but the tests that were made showed that the acidity of 
the milks increased about 0.1 per cent during a 3- or 4-month period at the 
higher temperatures. The age thickening observed in the sweetened con- 
densed milks discussed in this paper was not considered to be influenced 
significantly bv bacterial changes. 


but that 


RESULTS 


Cooling of the product and crystallization of the lactose in sweetened con- 
densed milk may require 2 or 3 hours at temperatures that affect the viscosity 
of the milk. The effect of the rate of cooling sweetened eondensed milk on 
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its age tliickening is shown in table 1. The data represent the average 
values from five experiments wnth five diiferent batches of milk. After the 
concentrates were dropped from the pan, they were cooled to 86° P. in 10 to 
15 minutes and seeded. The cooling process of the rapidly cooled samples 
was continued, but the slowly cooled concentrates were held and stirred 
at 86° P. for about 2 hours before cooling Avas continued. The results 
indicate that the rate of age thickening is substantially the same for both 
methods of cooling. The lactose crystals in the rapidly, cooled milk were 
a little larger (about 16 /x) in size than the lactose crystals in the slowly 
cooled milk (about 12 /x). 

The relationship between container size and the age thickening of sweet- 
ened condensed milk was investigated. The experiments were done on 
fresh, commercially manufactured samples that were received in the Bureau 


TABLE 1 

The effect of rate of cooling on ago thickening of sweetened condensed 


Storage time at 86^ E. 

I Viscosity after storage 

Cooled in 162 min. 
to 63^ E. 

Cooled in 38 iniu. 
to 52° P. 

(days) 

(poises) 

(poises) 

■ ■ 1 

115 

no 

■ ■ ■ 4 ■: , 

204. ■ 

193 

12' ■■ 

365 

362 

: 24 ■■■ 

583 

550 


* The data represent average values from 2 skim and 3 whole sweetened eondensed 
milks. The samples were made in the Eeseareh Laboratory pilot plant during March and 
April. x4.fter condensation, each batch was divided into two parts, one for slow and the 
other for raifid cooling. The cooled milk was canned and placed at once in a storage 
room at 86^ E. 

laboratories in 30~gallon tight oak barrels. Smaller containers in the form 
of cans of various sizes were filled with sweetened condensed milk. About 
3 gallons of milk was taken from the test barrels for this xnirpose. During 
the storage period one of the small cans of milk was opened for each viscosity 
determination. 

The milk in the barrels was sampled through the bungs by means of a 
1-inch diameter metal tube inserted diagonally from the bung tow’-ard one end 
of the barrel. Care was taken to close the bungs tightly after sampling. 
Table 2 shows some results of the study of the effect of container size on the 
viscosity of sweetened condensed milk. The tight oak barrels of sweetened 
condensed milk were held on the bilge with bungs down. 

Two barrels of the milk received in September, 1944, were put in storage 
at 86° P. Samples were obtained from one barrel while the other was held 
unopened until the end of the test. "When the sealed barrel was opened at 
the bung after 76 days, there was insufficient oxygen in the headspace to 
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support a matcli flame. ^ average viseositj of the milk (380 poises) 
and the titratable acidity (0.55 per cent) were substantially the same as 
those of the milk in the barrel that had been used for >sanipling (table 2) . 

The viscosity of the milk in the barrel that was not opened for sampling 
was different in various jmrts of the barrel, after 76 days at 86° F., being 
517 poises at the surface and 478 poises at the bottom. In several places 
near the center of the barrel the viscosity of the milk was 352 poises. When 
the barrel was filled by the manufacturer, the temx^erature of the milk was 
about 50° F., and the milk in the center of the barrel probably required 
appreciable time to warm to 86"^ F. In addition, some surface thickening 


. .' TABLE 2 

JSfeet of coniainer sise on viseositv of two lots of suwetened condensed millc- of 

(mnmereial matmfaeUire 


Storage time 

1 Barrel 

<30 gal.) 

■ ■'Ko.'Seiui. 

ISTo. 1 can 

Baby can 

{days) 

j (poises) 

1 {poises) 

{poLws) 

(poises) 

Milk of September 27, 1943* — storage temperature 70^^ P. 

1 

69 


m . 

\ . ■ 69 

22 

70 


, ■ 78 

SI 

40 ■ 

92 


Ill 

115 

92 

140 


■ ' ' ■ 'i 

■ , 182 . 

180 

148 


233 1 

■ 255 '■ 

256 1 

. 246 . ■ 1 


285 1 

■ 346 ' 

357 

368 

i;'.- ■ ^ ■ 


446 ■ 1 

1 

550 


Milk of September 26, 1044 1 — storage temperature P. 



39 

B9 ■ 

39 

■ 39 

8 

64: ■ 

88 

. "■'SO 

m 

17' 

'.v 60 

101 

108 

119 


143 

168 

■ 176 ■■ 

176 

74 

ms 

407 

■. 429 ■■ 

429 , 


Composition figures f urnisked by tbe manufacturer : 

*0.25% fat, 23.0% M.S.N.F., 42.75% sucrose, 25% water, 
t 8.73% fat, 23.62% M.S.N.F., 42.75% sucrose, 24.9% water. 

Sugar ratio of these milks =: 63. • 

may have been caused when this barrel dined and leaked slightly between the 
staves. This occurred in the middle of the storage period but the staves 
tightened up in 3 days when the humidity in the storage room was raised. 

The effect of time and temperature of storage upon the viscosity of 
sweetened condensed milk was investigated. Samples wei‘e prepared June 1, 
1945, by a cooperating manufaeturer as part of a large commercial batch. 
The samples contained 9.61 per cent fat, 23.91 per cent M.S.N.F., 41.65 per 
cent sugar, and 24.83 per cent moisture. A barrel of this sweetened com 
densed mill?: was shipped to a canning plant, where it was re-packed in 
special 2-ounce cans on June 8, Four hundred of these small cans were 
received in these laboratories June 21 and stored at six different tempera- 
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tures. Each call held enough milk to make one viscosity determination. 
Some of the results are plotted in figure 1. 

This milk showed a large increase in acidity with age, hut apparently 
this was not caused by bacterial growth. The figures determined on the 
nianuf acturer ’s milk in six of the 2-ounce cans showed an average standard 
plate count of 4,380 and a titratable acidity of 0.43 per cent. After 640 

1,040 r— T — 1 -^ 1 -^- 1 r-- r™ — t — — r -r” 1 -i -r- \ 


50 100 150 200 250 300 350 400 450 500 550 600 650 

TIME OF STORAGE (DAYS) 


Fig. 1. Tlie effect of time and temperature of storage on the viseositj^ of sweetened 
condensed milk stored in 2*ounce cans. All samples were from the same batch of milk, 
but the samples used for storage at 50^ F. were delayed 2 weeks in transit at summer tem- 
peratures, causing an undue initial increase in viscosity. The composition of the milk 
was 9.61 per cent fat, 23.91 per cent M.S.N.F., 41 t 65 per cent sugar, and 24,83 per cent 
water, v 


days of storage at different temperatures, the titratable acidity and the 
acid intensity of this milk were ; 50° P. storage, 0.84 per cent and pH 6.01; 
60° P. storage, 0.85 per cent and pH 6.09 ; 72° P, storage, 1.0 per cent and 
pH 5.90. No signs of bacterial growth were found in samples held at these 
temperatures for 640 days.^ Anaerobe tubes, direct smears, and standard 

1 Bacteriological examination of this milk was made by Harold B. Curran of these 
laboratories. 


p]ates were iDractically negative. While it "was not shown that growth of 
organisms was absent during the whole storage period, the available evidence 
indicates that the acidity increase was due to chemical changes rather than 
to bacterial activity, . 

The storage temperature of a group of the 2~ouiice cans of sweetened 
condensed milk was varied from 60"^ P. to 9S^ P. by shifting the cans every 
24 hours from one temperature to the other. The initial viscosity of the milk 
w^as 132 poises, but after storage for 170 days a soft gel had formed with a 
viscosity of 1,155 poises. By reference to figure 1 it may be determined 
that this is the viscosity the milk would have reached if it had been held 170 
days at a constant temperature of 89° P. 

Sweetened condensed milks that were stored for several months at 0° P. 
did not show important physical changes. There was no measurable change 
in viscosity and no apparent change in the dispersion of the protein or the 
fat. There w^as no protein flaking or insolubility, such as occurs in frozen 
unsweeteiied milk. There was an increase in the size of lactose crystals in 
sweetened condensed milks held at 0° P. only when the lactose \vas in- 
completely crystallized as a result of improper cooling during the manu- 
facturing process. 

DISCUSSION ■■ ■ : 

The keeping quality of sweetened condensed milk is closely associated 
with its viscosity. Whenever sweetened condensed milk age thickened to a 
viscosity of 600 to 800 poises, it generally was no longer suitable for use in 
high-grade food products. Off flavoi’s often developed and the milk was too 
viscous to handle easily. A soft gel structure was present at 1,000 poises. 
The gel could be reduced by stirring, but it re-formed when the milk re- 
mained undisturbed. 

The viscosity of sweetened condensed milk increased at about the same 
rate during the cooling and crystallization periods as it did during storage 
under the same conditions of temperature. 

The data of table 2 indicate that sweetened condensed milk packed in 
barrels will remain fluid a little longer than milk packed in cans when both 
are held under the same conditions of storage. The temperature of milk 
in cans follows fluctuations in storage temperature more closely than does 
the temperature of milk in barrels. Commercial experience indicates that 
the sweetened condensed milk in the middle of a 50-gallon barrel will require 
about 7 days to reach 85° P. after previous storage at about 60° F. (1). 
A longer time is required for the reverse change to take place. Cool milk 
packed in barrels will remain cool and thin longer after the container is 
placed at a high temperature than will milk in small cans. 

These considerations, and the fact that high sugar concentrations 
stabilize the milk and retard viscosity changes, support the suggestion (2) 
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that bulk SAveeteued condensed milk may have a minimum sugar ratio of 
«0, while the sugar ratio of the canned milk should be at least 62.5. How- 
ever, a bulk sweetened condensed milk Avith a sugar ratio of 62.5 will be 
superior to one that contains less sugar. 

Data from the curves of figure 1 were used to prepare figure 2, in which 
the logarithms of the viscosities are plotted against the temperatures of 


300 

DAYS 


400 DAYS 


200 DAYS 


10 DAYS 


TEMPERATURE OF STORAGE (* F. ) 

f cnn^ required for the sweetened condensed milk to reach a viscosity 
of 600 poises at different temperatures is indicated in figure 1. When these 
temperature data w'ere plotted against the logarithms of the time of storage, 
s raig t ime no. 1, figure 3, was obtained. Values for 30, 40, and 50° F. 
obtained by extrapolation of curve no. 1, figure 3, are 4,950, 2,460, and 1 225 
days, respectively. Other data also are ulotted An -Q 
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If n == viscosity and c, o'' = constants, the rejatiousliip sliowii in figure 1 
may be esj)ressed as follows : n = e/ (time of storage) or log n = c" (log time), 
while for figure 2 log n = c (temperature of storage) ; then c (temperature) 
(log time), the relationship shown in figure 3 whez’e the viscosity is 
constant. 

The data given in figure 1 and re-plotted in figures 2 and 3 show?that 

6.000 \ i' 

6.000 ’i 

4.000 " \ H 


400 


TEMPERATURE OF STORAGE T F ) 

Fig. 3. The relationship between the time and temperature of storage in the develop- 
ment of viscosity of sweetened condensed milk; Curve 1, data from figure 1, viscosity of 
600 poises. Curve 2, data from table 2, viscosity of 300 poises. The points for 70^ F. 
and for 86® F. were obtained with different milks stored in baby -size cans. Curve 3, data 
from table 2, viscosity equals 300 poises. The points for 70® F, and for 86® F. were 
obtained with different milks stored in barrels. Curve 4, data from Bogers et <ih (5), 
viscosity of 12® rotation on special viscosimeter. Curve 5, data from Leighton and Mudge 
(3) in which the time is given in hours (not days) required for the milk to start thiek- 
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the viscosity of sweetened condensed milk increases arithinetically with 
time of storage but logarithmically with temperature of storage. For 
conditions of constant viscosity the time of storage varies logarithmically 
with the temperature of storage. 

Although the logarithms of the storage times required for a sweetened 
condensed milk to reach a certain viscosity, plotted against the temperatures 
of storage, yield a straight line (fig. 3) , the slope of this line may vary with 
different milks. The milk used by Leighton and Mudge (3), figure 3, 
gave a line of different slope from that of the other milks. The data of 
Leighton and Mudge were obtain^ by observing the number of hours 
required for the milk to start thickening. It seems probable that most 
commercial milks will thicken much as did milk no, 1 of figure 3, It should 
be possible to estimate the length of time a sweetened condensed milk will 
retain a satisfactory viscosity at various storage temperatures by using the 
data of figure 3. The rate of thickening approximately doubles with each 
increase of 10"^ F. between 30 and 60° F, 

In some eases the slope of the time-temperature curve of a milk may 

differ from that of curve 1, figure 3. A line may be drawn for any milk if 

two points are obtained. To secure these points quickly, about six samples of 

a milk may be held at each of two high temperatures such as 98° and 120° F. 

Viscosity determinations should be made at 1- or 2-day intervals and curves 

drawn like those of figure 1. Two points having the same viscosity value 

then may be used to construct a time-temperatiue curve patterned after 

' t of figure 3. Other points may be taken from the curve or they may 

be calculated from the geometric%^ation for a straight line. The equation 

may be stated in the following form : 

log y-log ih ^ 

log t/ 2 -log yi xo-xi 

, y ^ storage time 

when ^ ^ . 

X = .storage temperature 

iji and i /2 == storage times at x^ and X 2 storage temperatures. For a milk 
similar to that shown in curve 1, figure 3, the storage time {y) required 
to reach a viscosity of 600 poises at a given temperature (x) may be found 
from the equation calculated from the plot : 

log y == 4,64 - — 

It is important to note that the tiine-temperature i*elationship of figure 
3 will hold only when the storage temperature is constant. If the storage 
temperature fluctuates, the changes in viscosity Avili he dependent upon the 
extent of the changes. 

The theoretical freezing point of sweetened condensed milk is about 
5° F., but only a feiv ice crystals form at this temperature. Since all the 
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moisttire in sweetened condensed inilk will freeeze only at a much lower 
temperature, neither the milk nor the container is damaged by storage at 
temperatures considerably below 0° F. Sweetened condensed milk that 
was held at 0° P. for many months did not change measurably in viscosity. 
Extrapolation of Curve 1, figure 3, indicates that 24,000 days (65 years) 
at 0*^ P. would be required for this milk to reach a viscosity of 600 poises, 

■ SUMMARY 

The viscosities of sweetened condensed milks held in the same storage 
room increased a little more rapidly in the milks packed in small cans than 
they did in the milks packed in barrels. 

The viscosity of sweetened condensed milk increased logarithmically 
with increases in storage temperature and arithmetically" with increases in 
storage time. For conditions of constant viscosity, time varied logarith- 
mically with temperature. Viscosity values may be predicted by applying 
this relationship to time-temperature data from high temperature, acceler- 
ated storage tests. 

The viscosity of sweetened condensed milk increased at about the same 
rate during the cooling and crystallization periods as it did during storage 
under identical eoiiditions of time and temperature. 

The authors wish to express their appreciation to P. L. Haymes, H, D. 
Wilder, and A. R. Davis, of the United Milk Products Company, for their 
numerous suggestions and their active interest in this project and for their 
manufacture of the commercial samples of sweetened condensed milk. 
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DETERMINATION OF CHEESE LIPASE 1 

MERLIN H. PETERSON, MARVIN J. JOHNSON, and WALTER V. PRICE 

The Departments of Sioehemistrn and Dairy Intirntry, College of Agriculture, 
University of Wisconsin, Madison 

In recent years iipolysis has been directly associated with flavor develop- 
ment in Cheddar cheese. In order to study directly the fat breakdown in 
Cheddar cheese, procedures for the quantitative determination of the lipo- 
lytic agents responsible are necessary. 

A method for the determination of milk lipase previously was reported 
by the present authors (1). Since no methods for the quantitative deter- 
mination of cheese lipase have been described, it was necessary to devise one. 
In the present paper such a method is presented. It is similar in principle to 
the milk lipase determination previously reported (1) and, similarly, has the 
limitation that it measures only enzymes capable of hydrolyzing tributyrin. 

EXPERIMENTAL ^ 

Effect of pS on cheese lipase activity. In figure 1 the pH activity 
curve for the hydrolysis of tributyrin by cheese extracts is given. Deter- 
minations of enzyme activity at various pH values were carried out accord- 
ing to the procedure subsequently outlined under “ Quantitative Deter- 
mination of Cheese Lipase’ ' with the following exception : In place of 2 ml. 
of 0.38 molar aniline buffer, 2 ml. of a 0.38 molar aniline, 0.38 molar phos- 
phate buffer were added. By means of this composite buffer, pH was con- 
trolled throughout the pH range desired. 

It will be seen from the figure that tributyrin is split most rapidly at 
pH 5. There also is a secondary optimum at pH 6.5 to 7,0. This secondary 
pH optimum seems to vary wdth the age of the cheese. The primary pH 
optimum of the lipolytic activity seems quite constant, however, throughout 
the cheese-ripening period. The presence of two peaks in the pH optimum 
curve of cheese lipase indicates strongly that two or more lipases are present. 
The enzymes active at pH 6,5, however, are not active in ripening eheesCj since 
the pH of the cheese seldom rises above 5.4. Therefore, only the lipolytic 
activity at pH 5 was considered important. 

Effect of luffers on cheese lipase activity. In the development of a 
method for the estimation of cheese lipase, it was necessary to find a buffer 
which did not affect the lipase activity and which had good buffering capac- 
ity in the desired pH range. In table 1 are shown the effects of six buffers 
upon the activity of cheese lipase. As may be seen, the citrate, acetate, and 

Received for publication September 22, 1947. 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
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piltliaiate buifers had an inhibitory effect on the lipase. None of the otlier 
three buffers inhibited the enzyme. Any buffer containing the carboxyl 
group seems to inhibit the lipase. The flattening of the curves in flgiires 3 
and A when a titration greateiv than 0.40 ml. of 0.1 N NaOH is obtained per 
5 ml. of ineubation mixture probably is due to reversible combination of the 
butyric acid with the enzyme to form an enzyine-produet complex. The 
buffers containing carboxyl groups probably inliibit the lipase in the same 
way. The phosphate buffer was not used in the cheese lipase method as 



Fio, 1. Eltect of pH ou rate of tribxityrhi liyclvolyHis by oheoso extnict«, The eftoct 
of pH on the rate of tributyriii hydrolysis by milk lipase is presented for eomparison. 
Triangles represent milk lipase, dots represent ‘2*inonth*old raw milk eheese, and circles 
represent 10-nionth-oId raw milk elieeso. 

finally adopted because it has very little buffinnaig capacity at pll 5. Both 
the pyridine and aniline buffers have good buffering capacity at pll 5. 
Since the aniline buffer was the more convenient to use, it %vas chosen for 
nse in the final method. • 

Effect of activators on cheese lipase activity. Various eompouiuls known 
to possess definite activating properties for other enzymes were tested for 
activating effect on cheese lipase. As may be seen in table 1, none of them 
gate activation ; most of them were inliibitors, 
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Pia. 2. Variation of hydrolysis rate with amount of tributyrin present. 


CHEESE LIPASE determination 


TABLE 1 

The effect of uctivatorii and hufers on cheese lipase actmip 


Substaiiee used 

Concentration 

Apparent . 
elieese lipase 
in sample 

. None 

Acti\"ators 

(units/ml,) 

0.88 

Zinc chloride 

0.001 

0.82 

Potnssiuni cyanide 

. 0.001 

0.64 

JMjuiganous sulphate 

0.001 

0.80 

AIa)?nesium chloride 

Calcium chloride 

0.001 

0.88 

0.001 

. 0.90 

Crsteixie 

0.001 

0.78 

Aniline 

Buffers 

0.0625 

0.70* 

Pyridine 

0.1 

0.70 

Phosi>hate 

0.1 

0.70 

Citrate 

0,1 

0,16 

Phthalate . 

0.1 

0.22 

Acetate 

0.1 

0..S4 


* Tlio lipase solution used in the buffer experiments w-as not the same as that used 
in the activator experiments. 

Variation of hydrolysis rate ivith amount of trihutyrin present. Figure 
2 vshows that the rate of hydrolysis of tributyrin by elieese lipase is affected 
by concentrations of tributyrin up to 1.5 per cent. At this level and above^ 
the hydrolysis rate appears to be constant. 

Kinetics of cheese lipase. In figure 3 the relation between quantity of 
cheese lipase and tributyrin hydrolysis is presented. It may be seen that 
the tributyrin hydrolysis obtained is directly proportional to the quantity 
of cheese lipase present, up to the point when 0.40 ml. of 0.1 N butyric acid 
is present in 5 niL of incubation mixture. 

Q.50r — . ' ; , ^ 

HYDROLYSIS IN 

ML.0.1N. NaOH 


34 


M15RLIN H. PETERSON, ET AL. 

In figure 4 the effect of incubation time on tributynn hydrolysis by 
cheese lipase is shown. It may be seen that the hydrolysis of tributyrin by 
cheese lipase at pH 5 h linear up to the time when 0.40 ml. of 0.1 N butyric 
acid is present in 5 ml. of incubation mixtoe. 

The enzyme unit used in the cheese lipase determination is based on the 
relationships presented in figure 3.* 

QUANTITATIVE DETERM INxVT ION OF CHEESE LIPASE 

In the method finally adopted, the following procedure is used, T’wenty 
grams of the cheese sample to be tested are weighed out with an accuracy of 
±: 0.1 g. To the weighed >sample in a Waring Bien dor or other suitable 



Fig. 3. Eelatiun between quantity of cheese lipase and amount of tributyrin iiydrolyais. 

mixer, enough distilled water is added to make a total volume of 100 ml. 
The power mixer then is run at low speed for 2 minutes. This length of 
time is ample to macerate the cheese sample. The mixer then is set to high, 
speed and allowed to run 7 more minutes. At the end of this time the 
mixture is in the form of a smooth, white suspension. This suspension is 
transferred quantitatively to a small hand homogenizer using a minimum 
amount of distilled w^ater. The suspension then is run five to six times 
through the homogenizer, which further insures complete extraction of the 
enzyme. After quantitative transfer to a 250-ml. centrifuge tube, the 
suspension is centrifuged for 10 minutes at 2,000 r.p.m. At the end of this 
period the solid material in the suspension will have settled out, leaving a 
faintly turbid supernatant which is drawn off. The residue is w^ashed care- 
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fully and centrifuged at 2,000 r.p.ni. for 10 minutes with three successive 
20 ml. portions of distilled water, which all subsequently are added to the 
turbid supernatant. The supernatant plus the three washings is diluted to a 
total volume of 200 ml. and the resulting cheese extract is used directly as the 
enzyme sample to be analyzed. Experiments have shown that all the lipo- 
lytic activity present in the cheese is washed free from the cheese curd by 
the above procedure. 

For the analysis, a suitable volume (depending upon its activity) of the 



Fig/ 4, Effect of iiicubation time on tributy Tin hydrolysis by cheese lipase. 

cheese extract is added to 2 ml. of 0.38 molar aniline buffer at pH 5. This 
solution is diluted to a •volume of 12 ml. with distilled water and placed 
in a water bath held at 40° C, After the solution has attained this temper- 
ature, 0.2 ml. of tributyrin is added, making a total volume of 12.2 ml, The 
mixture is shaken vigorously for 1 minute, and a 5-ml. aliquot immediately 
is removed for titration. After an incubation period of 60 minutes^ at 40° 
C., the tube and its contents are shaken for 30 seconds and another 5-mL 
aliquot is titrated. The difference in titration betw^eeu the two aliquots 
2 In all the experimental work presented, incubation times of 60 minutes were used 
unless otherwise speeihed. 
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represents tributyriii hydrolysis. The titration is carried out as follows: 
The 5-ml, aliquot is pipetted into a 50-ml. Erlenmeyer flask containing 5 ml. 
of a 0.02 per cent solution of thymol];)lithalein in 05 per cent alcohol. After 
addition of 2 ml. of ether, the solution is titrated with 0.1 N alcoholic NaOH 
from a burette calibrated at 0.01-ml. intervals. Titration is carried to a 
definite blue color. It is conveniejit to prepare an artificial endpoint com- 
parison flask eontainiiig a dilute aqueous solution of CUSO4 and CoCL to 
which enough alumina cream has been added to give a close resemblance to 
the actual titration flask. 

One cheese lipase unit is defined as the amount of enzyme which, when 
diluted to 12.2 ml. and incubated for 60 minutes under conditions of the 
determination as described above, will give a titration increase of 0.1 ml. 
of 0.1 N NaOH for a 5-nil. aliquot. For instance, if 4 ml. of cheese extract 


; -TABLE.-a 

Com par mm .of volatile acid (li.'^tiUaic titration diffvrencc.s and direct titration differcacen 


Enzyme 
sumple no. 

Amount of hydrolysis of 
tributyrin by titration | 
differeiK'cs of volatile j 
arid distillates 

Amount of hydrolysis of 
Iribntyrin by direet 
tit rut ion differences 

.'A-X'" 

1 (mh OJ. X XaOJir 
' 0.05, 

1 ; ■ 

0.05 

A-2. ■ 

0.3b 

0.34 

. A-*S',.,, 

. 0 . 4 a : 

1 ■ ■ 0.43 ■ ■ 

A—4 

0.17. ■■■ 

o.xo 

A-5 

. 0.27. 

0.27 

■ A-6 

0.12 

0.11 


* All values expressed as ml. 0.1 N XaOH represent tlie amount of hydrolysis of 
tributyriii by various dilutions of cheese enzyme sauqde A. 


are used, and the observed titration increase is 0.36 ml. of 0.1 N NaOH, 
the extract contains 0.9 enzyme unit per ml. The linear relation here 
assumed between titration increase and amount of enzyme is .shown to be 
justified by figure 3 and table 3. 

If the observed titration increase is more than 0.40 nil., the determination 
should be repeated with a smaller volume of cheese extract. If the titration 
increase is less than 0.1 ml., a larger volume should be used. Oheese extracts 
have been found to retain their activity for at least 10 hours in the refinger- 
ator. 

RELIABILITY OF THE lUBTHOD 

Evidence that the titration used measures only glyceride hydrolysis is 
afforded by table 2, where direct titration figures are compared with titra- 
tions of volatile acid distillates of equivalent aliquots. Good agreement was 
obtained in all cases. The volatile acid distillates were obtained as follows : 
A 5-ml. aliquot of the incubation mixture was pipetted into the distillation 
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flask. The pH immediately was adjusted to 2 (red to thymol bliie) with 
5 N H 2 SO 4 . A constant volume distillation then was carried out until about 
five times the volume of the original sample had been distilled over. The 
distillates obtained were titrated to the phenol red endpoint. 

The reliability of the method and of the standard curve also was cheeked 
by running varying concentrations of the same enzyme preparation. The 
rcssults may be found in table 3. As may be seen, determinations agreed 
within 10 per cent. 

TABLE a 

Ef ect of sample ske on apparent cheese lipase eMnteni of a cheese extract 


Sample size 

Titration differences 

Lipase content 

(ml.) 

(ml. 0.1 N KaOH) 

(uniis/ml.) 

1.0 

0.07 

0.70 

1.0 

0.08 

0.80 

3.0 

0.23 ' 

0.77 

3.0 

0.23 

0.77 ■ 

":,5,o ; 

0.38 

0.76 

o.O 

0.39 

0.78 

. o.o:-.- 

0.45 

0,75 

6.0 

0.46 

0.77 

7.0 ■ 

0.47 

0.67 


; DISCUSSION 

It should be emphasized that the method outlined here has a number of 
failings. Since the lipolytic activity of Cheddar cheese undoubtedly is due 
to a mixture of lipases produced by the mixed flora of the cheese, any method 
of quantitative estimation will give consistent results only if the ratio in 
which the various lipases are present remains iiiichanged. This is true be- 
cause various substrates are attacked at different rates by different enzymes. 
If a mixed substrate such as butterfat is used, the deterniiiiation does not 
inform us whether the fatty acids liberated are the highly flavored volatile 
fatty acids or the relatively tasteless higher fatty acids. On the other hand, 
if a pure substance is used as a substrate, the determination can measure 
only activity toward this substrate, and again no direct information is 
obtained regarding liberation of the particular acids of interest to the in- 
vestigator. 

Any lipase determination will measure only lipases active at the pH of 
the determination. The present determination will not detect the presence 
of lipases active only at high pH values, since the determination is designed 
to measure only those enzymes active at pH 5, 

SUMMARY 

1. A method is presented for the quantitative determination of lipolytic 
activity in cheese. Determinations run at various sample levels agree within 
10 per cent. . 
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2. Hydrolysis of tribiityrin by the Cheddar cheese lipase system is 
most rapid at pH 5. A secondary optimum occurs at pH 6.5 to 7.0. 


REPEEENCE 



LIPASE ACTIVITY DURING MAKING AND RIPENING 
OP CHEDDAR CHEESE^ 

MEBLiIN H. PETBBSON, MAEVIN J. JOHNSON, and WALTEB T. PBICE 

The Departments of Biochemistry and Dairy Industry, College of Agriculture, 
University of Wiseonsin, Madison 

111 recent years it often has been assumed that rancidity in cheese is due 
to the production of lower fatty acids such as butyric acid by the action of 
milk lipase on natural milk fats. It first was suggested by Eice and Markley 
(18) that milk lipase was one of the causes of rancidity in cheese. Lane 
and Hammer found that : (a) typical rancid Cheddar cheese could be pro- 
duced experimentally by the addition of sources of lipase, such as rennet 
X>aste (11) and paiicreatin (13), to cheese milk, and (b) typical x^ancid 
Cheddar cheese could be produced experimentaily by the addition of 
homogenized raw cream to raw skim milk as a means of milk lipase activa- 
tion (12). Hood aL (10) confirmed the reports of Lane and Hammer 
and further found that typical rancid Cheddar cheese could be produced 
experimentally xinder commercial conditions by vigorous agitation of raw 
cheese milk at various temperatures (7, 8) . Since these earlier publications, 
Hlynka and Hood (2, 3) , Hlynka al. (5, 6, 9) , and others (1, 14) have 
reported a great deal of work which has been carried out on the basis of the 
milk lipase theory. A large part of this work has been carried out with 
commercial lipases or crude enzyme preparations as the source of experi- 
mental lipase. There is no reason to believe, however, that the lipases from 
these sources have properties comparahle to milk lipase. Moreo^^^^ com- 
mercial lipase preparations and crude enzyme preparations generally 
contain inaiiy other types of enzymes as impurities. 

In a brief preliniinary report (15) Peterson and Johiisoii pointed out 
that milk lipase is inaetive at the pH of Cheddar cheese and is completely 
absent from Cheddar cheese after pressing. The data on which these con- 
clusions were based are presented in this paper. In a recent paper, Hlynka 
and Hood (4) also concluded that milk lipase is inactive in Cheddar cheese 
after it is made. 

The purpose of the present paper is to present studies of the differences 
in cheese lipase content during the making and ripening of raw and 
pasteurized Cheddar cheese from the same milk. In the preliminary re- 
port (15) it was mentioned that lipolytic activity of a type different from 
that of milk lipase gradually appears in ripening Cheddar cheese. This 

Beceived for publieatiow September 22, 1947. 

1 Published wiUi the apiiroval of the Director of the Wisconsin Agricultural Experi- 
ment Station. This work was suxiported in part by a grant from the Katioiial Cheese 
Institute. 
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lipolytic activity lias been termed cheese lipascd- by the present authors 
(17). Cheese lipase is distinctly different from milk lipase in its pH 
optiiuiun (17) and its chemical kinetics with relation to the hydrolysis of 
tribntyrin (16, 17)/ 

. METHODS 

Milh lipase. The method for the determination of milk lipase previonsly 
reported by the jireseiit authors (16) was used for all milk lipase analyses. 
In this method, the degree of hydrolysis of tributyrin at 40^ C. by milk 
lipase ill a solution buffered at pH 8.5 is used as a measure of milk lipase 
activity. 

Cheese lipase. The method for the determinatioii of cheese lipase I’c- 
ported by the present authors (17) was used for all cheese lipa>se analysCvS. 
In this method the degree of hydrolysis of tributyrin at 40*^’ C. by cheese 
lipase in a solution buffered at pH 5.0 is used as a measure of clieese lipase 
activity.' ^ 

GheesemaMng procedure. The milk Used in making the experimental 
cheeses was mixed, raw, whole milk from the University Dairy. Small vats 
of cheese were made (460 lb. of milk) . Each, such vat yielded two 224b. 
clieeses. Cheeses were made by an experienced maker according to standard 
procedures. The green cheeses produced were kept at 68^’ F. for a jieriod 
of 2~3 days and then were transferred to a cold room (40-45® F.) for the 
remainder of the ripening period. 

To make both raw and pasteurized milk cheese from the same milk, 020 lb. 
of mixed, raw, whole milk was divided into two equal iiortions. The first 
portion received no treatment. The second portion was pasteurized by 
holding 30 minutes at 145® F. Bach i:)ortion then was placed in a separate 
vat, and both received identical subsequent treatment ai^eording to standard 
Cheddar cheesemakiiig procedures. 

A. BOLE OF MILK LIPASE IN iUTKDDAE OTIKKSE 

Loss of milk lipase during making. In table 1 tbe stability of milk 
lipase at various temperatures and pH values is presented. From these 
data it would be expected that under the pH and temperature conditions 
used in the making and ripening of Cheddar cheese (table 2), there is little 
possibility of milk lipase being present in green or ripe Cheddar cheese. 
Assuming it was present, milk lipase is inactive at a pll of 6.5 or lower (16, 
17). Therefore, at the pII of ripening Cheddar cheese (5.0-5.4), milk 
lipase would have no effect even if present. 

In order to obtain direct substantiation for the above conclusions, milk 
lipase estimations were made before, after, and, if necessary, during any 
operation in the making and ripening of raw milk Cheddar cheese that 
might affect the milk lipase content. A number of such experiments were 
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TABLE 1 


Stahility of mUh lipase at various pH values 


pH 

Per cent of lipolytic activity remaining 
after 30 min, incubation 


(41° F.) 


{104° F.) 

■ 4.0 ■ 

58.2 

14.4 

0 

4.5 ' i 

. 72.7 ■■ 

41.0 

0 

5.0 , ■ : 

88.1 

1 48.0 

8.1 

0.0 

99.1 

i 72.3 ■ 

18.2 

6.0 

99.1 

[■ 97.1 ^ 

44.8 

6.5 

99.2 

1 98.9 ■ 

92.0 


earned out. Tlie results of one representative experiment are presented in 
table 2, 

As may be seen from the table, no significant eliange in milk lipase con- 
tent takes place until the rennet is added to the l*aw milk. A rapid rise 
ill milk lipase content immediately results. The cause of this rise is not 
definitely knoAvn since no lipolytic activity at pH 8.5 is present in rennet 

TABLE 2 


Hole of milk lipase lu Cheddar ehvesemalchig 


Time 

Temperature 

pH 

8ourec of sample 

Milk lipase 
content* 

(min.) 

0 

(OF.) 

■.'. 55.-57 ■ ' 

6.60 ; 

Raw milk after addition 

29.0 

13 

■ ■■ ■ ■! 

86 

6.60 

to vat 

Raw milk after warming 

27.8 

18 

88 

■ 6.59 ■ ■ ^ ■ 

to 30° 0. 

Raw milk after iuldi- 

27.8 

73 

88 


tion of start erf 

Raw milk after addi- 

41.5 

101 

88 

,'■ ■' '6.01. '1 

tion of rennet t 

Coagulum after cutting 

25.2 

110 

88 


of the curd 

Coagulum before heating 

24.0 


;,:104’:’ ..... 

.^..■^■,6.48:.; 

Curd after heating to 

16.4 

'188 

■",96' 

■.;;;,'6.,2A..'':"' ■ ,'. 

104° E. 

Curd during firming 

7.63 

20a 

'■ ■ ■: ■. 92 


process 

Curd just after dipping 

1.36 

208 

91 

■ 6.12 ■■■■■■ ^ 

Whey just after dipping 

5.11 

. 368 

91 

A A.46:.V-;/ 

Curd just after milling 

0.78 

(hr.) 

■ ■:-'24 i 

Koom 

.■■5.3.iv^ ;A.:' 

! Cheese just after pressing 

0.00 

(days) 

O ' 

temp. 

40-45 

5.28 

Cheese 

0.00 

10 

40-45 

5,27 

! Cheese 

1 0.00 


* Milk lipase content expressed in all cases as the number of milk lipase units per 
gram of cheese. All figures are'-based on the amount of cheese obtained, which equaled 
9.72 lb. per 100 lb. of milk. ; . 

t One per cent inoculum of an 18>hr. eoinmercial starter culture added. 
t Commercial rennet added in the amount of 10 ml. per 100 lb. milk. 
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alone. Since tliis appareiit lipase activity disappears rapidly, it is 
readily seen that the factor responsible is quite unstable. There are two 
important inactivations or removals of true milk lipase activity. The 
first takes place dilring the heating of the eoagulum to 104° P. and the 
holding between this temperature and 96° P. for 55 minutes. After this 
treatment less than one-third of the original milk lipase activity I’emains. 
This is due not only to the temperature effects but also to the low pH range 
encountered (6,0-6.5). The eombination of these two adverse factors is 
more effective in the inactivation of milk lipase than eitlier one alone. 
Another large loss of milk lipase occurs during the removal of whey. After 
dipping, less than 5 per cent of the original milk lipase remains in the curd. 
Only a small amount of milk lipase remains in the cheese curd just after 
the milling operation. Due to the low pH (r>.8>-5.5) of the curd, this small 
amount of milk lipase is rapidly inactivated, and no milk lipase activity can 
be found in the green cheese 24 hours after the start of making. As may be 
seen from the table, anakyses wei*e also run after 5 and 10 days of ripening. 
No milk lipase activity was found. 

Discussion. There probably are a number of lipases pr’eseitt in milk. 
It is very probable that the present method of measuring milk lipase activity 
does not include all of them. It also is ]>robable, huwevei*, that tliose lipases 
present in milk which are not capable of splitting tributyrin havt^ little or 
no effect on the production from milk fat of those fatty acids which could 
contribute to the flavor of Clieddar cheese. The fatty acids contributing 
to cheese flavor i>robably include only those having from two to ten carbon 
atoms. The fatty acids containing more than ten carbon atoms have little 
or no taste. Since the fatty acids capable of contributing flavor to cheese 
must lie within this narrow range of possible number of carbon atoms, 
there is no reason to believe that a lipase exists in milk capable of splitting, 
for example, caprylic acid but not butyric acid from a glyceride ester. 

As far as rancidity in cheese is concerned, there is no doubt that tri- 
butryin is the most logical choice for a substrate in the measurement of 
milk lipases possibly causing the rancidity. This is true since rancidity in 
cheese generally is attributed to the production of lower fatty acids moh 
as butyric acid. There is, of course, the remote possibility that a lipase 
present in milk would release butyric acid from mixed triglycerides and not 
from simple triglycerides. 

B. LIPASE CONTENT OF CHEDDAR CHEESE AFTER MAKING 

Lipase content of raw and pasteurized Cheddar cheese* After a ripen- 
ing period of approximately 5-20 days, lipolytic activity of the cheese 
lipase type is found in green Cheddar cheese. In figure 1 the averages of the 
lipolytic activities of six pairs of pasteurized milk cheeses and raw milk 
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cheeses made by tlie procedure described under ‘^Methods’' are given. 
The average per cent deviation of the individual lipase analyses from the 
mean was less than 3 per cent. 

The lipolytic activity in raw milk Cheddar cheese will be considered 
first. In figure 1 it will be noted that no lipolytic activity at pH 5 is present 
in the milk at the time it is placed in the vat. This is in accordance with 
data presented previously (16, 17) showing that milk lipase is inactive 
below pH 6.5. The first increase in lipolytic activity occurs at the time of 
addition of the rennet, which is about 75 minutes after the start of making. 
Since there is a similar increase in the lipolytic activity of corresponding 



Fig. 1. Lipase activity at x)H 5 in Cheddar cheese during making and a 300-day 
ripening i)eriod. A^^erage values for six pairs of cheese. Solid line, pasteurized milk 
cheeses ,’ broken line, raw milk cheeses. 

pasteurized milk cheeses, undoubtedly this effect is caused by lipolytic 
enzymes which are active at pH 5 and are present in the rennet as impurities. 
Since this lipolytic activity attributable to rennet disappears at the time of 
dipping, it can have no effect on the cheese during the ripening period. 
After dipping there is no lipolytic activity present until after the cheese is 
in its final form and has been stored 5-20 days. At this time lipolytic 
activity is detectable, and it increases in amount steadily up to 80-90 days 
after making. Lipolytic activity in pasteurized milk Cheddar cheese can 
be detected in large amounts at an earlier stage in the ripening period than 
in raw milk Cheddar cheese. The significance of this will be discussed later. 

Figure 1 shows that the amount of lipolytic activity at pH 5 present 
during the making of the cheese is very small compared to the lip^”' 


u 


MERLIN H. PETERSON, ET AL. 


activity at pH 5 of the cheese dnriiig the ripening period. Therefore, even 
if this lipolytic activity at pH 5 present during liiaking is carried over into 
the cheese in a reversibly inaetivated form, its role in ripening must be 
• small-' 

At most a negligible portion of the total lipolytic activity of the cheese 
is contributed by the milk or rennet during making. Of the possible sources 
of the lipolytic activity, the bacterial flora of the clieese is the most logical. 
No lipolytic activity is detectable in the green cheese during the first 5~(i 
days after making, and most of the cheese lipolytic activity is set free be- 
tween the fifth and Imndredtli day of the ripening period after making. 
Since very few of the lactic acid bacteria present in Cheddar cheese are 
strongly lipolytic in their normal life cycles, it is suggested that the 
lipolytic activity of cheese at pH 5 may I'epresent endocelluiar bacterial 
lipases of these organisms liberated by bacterial autolysis (19). 

The lipolytic activity at pH 5 of pasteurked milk tdun‘sc also is presented 
in figure 1. No important differences in the lipolytit* activities of raw and 
liasteurized milk Cheddar cheese during making are apparent. The first 
important increase in lipolytics activity for pasteurizied milk Cheddar 
cheese during the ripening period Occurs betAveeii the fifth and twentieth 
day after making. This increase in lipolytic activity for pasteurized milk 
cheese occurs considerably earlier in tlie ripeiiing period than the time at 
Avhich lipolytic activity is <letectable in raw milk cheese. In all jiairs of 
raw and pasteurized milk cheeses examined, the lipolytic activity in the 
pasteurized milk cheeses Avas higher on the tenth and twentieth day than 
ill the corresponding raAV milk cheeses. It is probable that the factor 
respoiivsible is related to the differences in flora betAAT-‘en raAV and pasteurized 
milk cheese. This early lipolytic activity in pasteurized milk cheese disap- 
pears rapidly, as shoAvn in figure 1, and the total lipase eoijtent of pasteurized 
milk cheese at any age after the first 30 days is le.ss than half that of the 
corresponding raAV milk cdieese. The bacteria responsible probably are 
species Avhieh are greatly reduced in number during pasteurization. 

Since raw milk cheese deATlops a higher flavor (generally attributed in 
large part to increased production of volatile fatty acids) than pastenrize<l 
milk cheese, it followAS that lipases »sueh as those stiulied in this report are 
at least in part responsible for more rapid flavor development in raAV 
milk cheese. Since the organisms responsible are present in raAV milk but 
are largely destroyed in pasteurization, it appears that improvement in 
pasteurized milk Cheddar cheese might be obtained if these organisms could 
be isolated, characterized, and added with the starter culture. 

SUMMARY 

'.M 7' ' ''';^'"77 7'::. /:;7 7:. ■ ;v"7:,':7 '7. ■' 7 

1. The stability and pH activity charaetemtics of milk lipase ai*e such 
this enzyme, can play no continuing role in the ripening of Cheddar 
er making. 
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2. Analyses made at intervals cluring tlie making and rijmning of raw- 
milk Cheddar cheese show’' that milk lipase disappears during the niaking 
and is completely absent in the young cheese. 

3. The addition of rennet extract during Cheddar cheesemaking causes 
an increase in lipolytic activity. This increase in lipolytic activity disap- 
pears wuthin a period of approximately 30 minutes. • 

4. After 5 to 20 days, lipases which are considered bacterial begin to 
make their appearance in the young Cheddar cheese. 

5. Most of the lipase active at pH 5 is set free between the fifth and 
hundredth day of ripening. Lipolytic activity in pasteurized milk Cheddar 
cheese can be detected iir larger amounts between the fifth and twenty-fifth 
day of the ripening period than in corresponding raw” milk Cheddar cheese. 
At any time after the cheese is 30 days of age, how’ever, the total lipolytic 
activity of pasteurized milk cheese is less than half that of corresponding 
raw milk cheese. 

6. Bacterial lipavses are believed to be at least in part responsible for 
more rapid flavor developnient in raw^ milk Cheddar cheese as compared 
to Cheddar cheese made from identical milk after pasteurization. 
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DETERMINATION OP CHEESE PROTEINASE' 

MEBLIN H. PBTEESON, MABVIN .7. JOHNSON, and WALTER V. PRICE 
Departments of Diochemistry and Dairy Industry, Oollege of Agriculture, 
University of Wisconsin, Madison 

During the past several years one of the major problems to be dealt 
with in the dairy industry has been concerned with the differences in ripen- 
ing of raw milk and pasteurized milk Cheddar cheese. In an effort to 
attack this problem from the enzymatic viewpoint, it was necessary, first, 
to demonstrate the presence of hydrolytic enzymes (both lipases and pro- 
teinases) in the cheese, and, secondly, to devise methods suitable for the 
quantitative determination of these enzymes. This paper deals only with 
the proteolytic system of cheese. Lipases in cheese have been dealt with in 
other publications (2, 3). 

The presence of proteolytic enzymes in Cheddar cheese has been generally 
assumed, and adequate evidence of their presence therein is contained in 
this report. 

DETERMINATION OF CHEESE PROTEINASE 

Suhstrade used and its preparation. Casein was chosen as the substrate 
to be used in the method as finally adopted, not only because it is repro- 
ducible but also because it is very similar to the cheese curd itself. 

The substrate is prepared as follows; Ten grams of purified casein 
(Labeo Brand, Casein Company of America) are weighed out with an ac- 
curacy of ±: 0.1 g. To the weighed sample in a "Waring Blender or other 
suitable mixer, 25 mi. of distilled water and 25 ml. of 1 N sodium hydroxide 
are added. The power mixer is run at low speed for 2 minutes and then at 
high speed for 5 minutes. At the end of this time, while the mixer is still 
running, 40 ml. of a 0.2 molar sodium citrate solution are added and the 
mixer is allowed to run at high speed for 2 minutes longer. The substrate 
solution then is diluted to an approximate volume of 300 ml. At this point, 
while the mixer is running at high speed, 2 g, of gum ghatti dissolved in 
30-40 ml. of distilled water are added. The total volume of the mixture 
should be less than 350 ml. The mixer is alio\ved to run for 5 minutes 
after the addition of the gum gliatti. A few’^ droj)s of methyl red now are 
added. While the mixer is running, concentrated sulfuric acid is added 
dropwise until a pH of 5 is reached (red to methyl red). After a pH of 5 
is reached, the mixer is allowed to run at high speed for 5 more minutes. 
At the end of this period the substrate preparation is quantitatively re- 

Beceived for publication September 22, 1947. 
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moved froiii tlie mixer and to 400 niL The siispeiisioii obtainetl is 

run throiig'h a small hand homogenizer three to four times. After liomo- 
geiiizatioB, the siispension is filtei^d tlu’oiigii eoa^r^^ qualitative filter paper 
to remove extraneous material and then is ready for use. Sinee substrate 
adequate for several enzyme analyses is prepared in the preeeding operation, 
enough toluol to saturate the mixture is added as a preservative. Stock 
substrate solutious should be rehomogenized and liltered each day before use. 

Preparation and anah^ of cheese mniples for protemase eonteiit. 
Twenty grains of the cheese are weighed out with an accurraey of ±; 0.1 g. 
To the weighed sample in a Waring Blendor or other suitable mixer, enough 
distilled water is added to make an approximate volume of 100 nil. The 
power mixer then is run at low speed for 2 minutes. This length of time is 
ample to maeei^ate the cheese sample. The mixer then is set at high speed 
and allowed to run 7 minutes more, At the end of this lime the luixtnre is 
in the form of a smooth, white co^eain. This mixture is quantitatively trans- 
ferred to a 250-ml. , graduate with less than 100 ml. of distilled water. 
The total volume of the mixture then is made to exactly 200 mi. in the 
gTaduate, Afto tlioimigh mixing ill the graduate, the suspension is homo- 
genized five to six times through a small hand liomogenizer. The cheese 
sample now is ready to be subjected to enzyme analysis. 

In this method for the (Estimation of pi'oteinase content of Clunidar cheese, 
a standard suspension of casein is digested under .standard conditions, and 
the undigested casein is precipitated witli trichloroacetit^ acid. The amount 
of nnpreeipitated protein split products, which is a measure of the amount, 
of proteinase present, is estimated by measurement of the nitrogen con- 
tained therein. The nitrogen content of these nnpreeipitated protein split 
products, to be referred to hereafter as non-proteiu nitrogen, is determined 
by a colorinukrie mieromethod (1). 

The enzyme analysis as finally adopted proceeds as follows: To 5 ml. of 
substrate suspension, 1 ml, of 1 molar acetate buffer at })H 5, 1 mi. of freshly 
prepared 0.015 molar cysteine hydrochloride, and 0.2 ml. toluol are added, 
and the %vhole is shaken vigorously for 2 minutes. This suspension and the 
homogenized cheese sample are ]>laced scfparately in a water bath held at 
. 40® C. When botli have attained this temperature, from 0.5 to 3 ml. (de- 
pending upon the activity) of the cheese suspension iwo added to the sub- 
strate suspension, and the total volume is made to 10.2 ml. wnth distilled 
winter. This digestion mixture is shaken vigorously for BO seconds and 
then run quickly tw'o to three times through a small hand liomogenizer into 
a small test tube. After tlie removal of a 1-ml. aliquot for the determination 
of initial non-protein nitrogen present, the digestion mixture is incubated 
in a stoppered tube in the \vater bath at 40® C. for 5 hours. At the end of 
. this time the digestion mixture is rehomogenized as before, and another l-nil. 
. ; , ,|liquot is removed for analysis. The difference in non-protein nitrogen 
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content of the two aliquots represents casein hydrolysis and is a measure 
of proteinase present. 

The analysis of the l-ml. aliquots for non-protein nitrogen content is 
carried out as follows : The l-ml. aliquot is pipetted innnediately upon re- 
moval from the digestion mixture into 25 ml. of 0.3 N trichloroacetic acid 
in a large test tube. The tube is shaken vigorously and the contents filtered 
tlirough a dry filter paper. An 11-cm. filter paper, such as Whatman no. 2, 
which does not adsorb protein split products, must be used. A suitable 
aliquot of the filtrate obtained is analyzed for nitrogen eonteiit by the 
colorimetrie microniethod (1). The following alternative procedure for 
nitrogen analysis of the 1-ml. digestion mixture aliquots is iised when the 
cheese samples are low in proteinase content. The 1-inl. aliquot is pipetted 
ImmediatBly upon removal from the digestion mixture into 4 ml. of IN tri- 
chloroacetic acid ill a small test tube. The tube is shaken vigorously, and 
the coiitents ai'e filtered through a dry 3-em. filter paper of the same type 
as described above. The filtrate obtained is analyzed as above for nitrogen 
content. It usually is best to run a zero time analysis for each tube in both 
the above procedures since the non-proteiii nitrogen blank varies from time 
toTime. . 

One cheese proteinase unit is defined as the amount of enzyme which, 
when diluted to 10,2 ml. and incubated for 5 hours under the above condi- 
tions, will liberate 1 /xg. of non-protein nitrogen. For instance, if 2 ml. 
of enzyme sample are used per 10,2 mi. of digestion mixture, and 1 ml. of 
digestion mixtiire (1/10.2 of the total) is added to 25 ml. of trichloroacetic 
acid (total volume of 26 ml.), and the observed inerease in non-protein nitro- 
gen i>s 7.5 ^g. per 5 ml. of triehloroacetie acid filtrat (5/26 of the total 
volume), the number of pi’oteinase units present in the 2-mI. enzyme sample 
is 7.5 X 10.2 X 26 -f 5 or 397.8 xuiits, or 198.9 proteinase units per ml. of 
enzyme sample. That the relation between amount of enzyme and increase 
in soluble nitrogen is linear is demonstrated by the experiments summarized 
in figure 3 and table 2. In figure 3 the relationship between quantity of 
cheese proteinase and amount of casein hydrolysis is presented. An ar- 
bitrary enzyme preparation was used in this experiment. As may be seen, 
care should be taken that the amount of enzyme preparation used is such 
that non-protein nitrogen increases of 2.75 ^g. or less per ml. of trichloro- 
acetic acid filtrates are obtained. Above this level the casein hydrolysis 
obtained is not directly proportional to the quantity of proteinase present, 

FACTORS AFFECTING THE ACTIVITY OF CHEESE PROTEINASE 

Effect of pH on cheese proteinase activity. In figure 1 the pH activity 
curve for the hydrolysis of cheese proteinase is given. Determinations of 
enzyme activity at various pH values were carried out according to the pro- 
cedure outlined previously in this paper. By means of a composite 0.5 molar 
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acetate, 0.5 molar phosphate, 0.5 molar borate buffer, pH was eontrolied 
throughout the pH range desired. Aliquots of this composite buffer were 
adjusted with 5 N sulfuric acid or 5 N sodium hydroxide to the pH values 
shown in figure 1. Proteinase determinations at these pH values were then 
carried out using in place of 1 ml. of 1 molar acetate buffer at pH 5, 1 ml. 
of the pH adjusted aliquots of the composite buffer. 

It will be seen from the figure that casein is split most rapidly at pH 5. 
There also is a secondary optimum at pH 7 to 8. Other experiments have 
shown that this secondary pH optimum seems to vary with the age of the 
cheese. The primary pH optimum of the proteolytic activity, however, 
seems to be quite constant throughout the cheevse ripening period. The 



Pig. 1, Effect of pH on rate of cavsein hydrolysis by cheese extracts. Circles repre- 
sent enzyme analyses in the presence of 0.015 molar cysteine* of extracts of O-month-old 
rtiw milk cheese A-lOO; trianj^les repre^sent enzyme analyses without cysteima of extracts 
of 0-month-oId raw milk cheese A-.100 ; and dots repres(mt enzyme aitalyses in the presence 
of 0.015 molar cysteine of extracts of U-month-old raw milk cheese A-100. 

]>resenee of two peaks in tlm pH optimum of cheese proteinase indicates 
strongly that two or more proteinases are present. This also is indicated 
by cysteine activation of the en^iymes at various pH values (fig. 1). The 
proteolytic activity at '])H 5 is greatly activated by cysteine and pirobably 
represents endoceliular bacterial proteinases liberated by bacterial aiitolysis 
(4). The proteolytic activity at pH 7 and above is unaffected by cysteine 
and probably represents extracellular proteinases liberated by bacteria 
during their normal life cycle. Since the pH of ripening cheese remains at 
or very near 5, only the proteolytic activity at pH 5 present in the cheese 
is important. 
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TABLE 1 


The effects of activators and buffers 07i cheese 'proteinase activity 


Substance 

Concentration 

Apparent cheese pro- 
teinase in sample 


M 

(units/jng, cheese) 


Activators 

None 


25.9 

Potassium cyanide 

0.01 

64.5 

Sodium sulfide 

0.01 

35.2 

Cysteine hydrochloride 

0.01 

70.8 


Buffers'^* 


Aniline 

0.04 

29.2t 

Pyridine 

0.1 

21.4 

Pliosphate 

0.1 

29.2 

Borate 

0.1 

29.3 

Phthalate 

0,1 

^ 27.3 ■ 

Acetate 

0.1 

29.4 


* All buffers were adjusted to pH 5 with 5 N sulfuric acid or 5 N sodium hydroxide 
prior to proteinase determination. 

t The proteinase solution used in the buffer experiments was not the same as that 
used in the actiYator experiments. 

Effect of buffers on cheese proteinase activity. In the development of 
a method for the estimation of cheese proteinase, it was necessary to find 
a buffer which did not affect the proteinase aetivity and which had good 
buffering capacity in the desired pH range. In table 1 are shown the 
effects of six buffers upon the activity of cheese proteinase. The acetate 
buffer appears to meet the requirements and also is convenient; ■ j 
Effect of activators on cheese proteinase activity. Various reducing 
agents known to possess definite activating properties for proteinases such 
as papain were tested for activating effect on cheese proteinase. As may 



Pig, 2. Effect of cysteine hydrochloride concentration on cheese proteinase aetivity. 



Pig. S. Belation betwt?tfu quantity of (?heoae proteinfise and amount of eaBOiii liydrolysis, 

cysteliie was j)reseut. at a level of. 0,015 molar. The mse of cysteine hydro- 
chloride in order to iiisai'c imixiinnm activity of enzyme preparations at 
pH 5 then was incorporated into tlie method as outlined under ** Prepara- 


Kimtics of cheese proteinase. It already has been shown that the casein 
hydrolTsis obtained is directly proportional to the quantity of cheese pro- 
teinase present (Pig. 3). In figure 4 the effect of incAibation time on casein 
liydrolysis by cheese proteinase is presented. It may be seen that the hy- 
i^rolysis of casein by cheese proteinase at pH 5 is linear up to the time wdien 
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be seen from table 1, activation of the enzyme was obtained in all eases. 
Cysteine, however, gave more complete activation than sodium sulfide or 
potassium cjmide. 

In order to determine the concentration of cysteine necessary to give 
maximum activation of eheese proteinase at pH 5, an experiment was run 
deterinming the proteinase activity of an enzyme preparation at various 
levels of cysteine hydrochloride. The results are given in figure 2. It may 
be seen that maximum activation of cheese proteinase occurred when the 
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N.RN. DIFFERENCES OF 
TRICHLOROACETIC 
ACID FILTRATES 
IN MICROGRAMS X 
PER ML. X 


HOURS 

Pig. 4. Effect of incubation time on casein liydrolysis by clieese proteinase. 


the increase of protein split pnidiicts in the tricH^^^ acid filtrate is 

eqiiivalent to 2.60 non-protehi nitrogen per ml. 

EelialyUity of the method. The reliability of the method was cheeked by 
rnnning Tarying eoiicentrations of the same enzyme preparation. The re- 
sults may be found in table 2. As may be seen, determinations run at vain- 
ons sample levels agree within 10 per cent. 


' ' ^ SUMMARY ■ 

1. Data are presented showing the presence of proteol^die activity in 
Cheddar cheese. 

2. A method is presented for the quantitative determination of proteo- 

TABLE 2 

JEfeet of sample sise on apparent cheese proteinase content of a eheeso extract 


Non-protein nitrogen 
increases in trichloro- 
acetic acid liltrates 


Sample size 


Proteinase content 


(units /ml.) 
191 
210 
208 
202 
209 
203 
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lytic activity in cheese. Determinations run at various sample levels agree 
within 10 per cent. 

3, Hydrolysis of casein by the Cheddar cheese proteinase system is most 
I'apid at pH 5. A secondary optimum occurs at pH 7 to 8. 

4. Proteolytic activity of cheese suspeiisioiis at pH 5 is enhanced in the 
presence of z'ediieing agents. 
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PROTEINASE CONTENT OP CHEDDAR CHEESE DURING ' 
MAKING AND RIPENING^ 

MEBLIN H. PETERSON, MARVIN J. JOHNSON, and WALTER PRICE 
Departmients of Biochemistry and Dairy Industry ^ College of AgficuUure) 
Umversity of Wisconsi-n, Madison 

i 

It is a well recognized fact that protehiases play an important part in 
the ripening of Cheddar cheese because of their action on the cheese curd. 
Possible sources of cheese proteinases are the proteinases of milk, of rennet, 
and of microorganisms. It was first suggested by Babcock and Russell (1) 
and Babcock et aL (5) that an inherent milk proteinase, termed galaetase, 
probably is the most important proteolytic agent in cheese ripening. Later 
work on variation of rennet levels in cheesemaking caused Babcock et al. 
(3) to revise their early view's. Their final conclusion was that rennet is 
the most important proteinase source in cheese, its protein digestive action 
being due to the action of pepsin present in the rennet as an impurity. 
Sherwood (12), however, reported that the use of pepsin for rennet in 
Cheddar cheese resulted in 40-50 per cent less protein degradation than 
took place in normal rennet control cheeses. The ratios between amounts 
of different protein split products were quite similar for both types of cheese, 
indicating that nitrogen partition was identieal. Sherwood (11) also found 
that although the extent of protein degradation in chloroform-treated 
Cheddar cheese was considerably less than for normal Cheddar cheese con- 
trols, the general coiirse of nitrogen partition was the same for both chloro- 
form-treated and normal cheese. The same work showed that normal 
Cheddar cheese had consistently higher levels of subpeptone nitrogen than 
chloroform-treated cheese. Prom these data Sherwood concluded that ren- 
net itself is the most impoi'tant proteolytic agent in Cheddar cheese ripening, 
and since its action extends but little beyond the peptone stage, any further 
proteolytic degradation must be due to bacterial action. 

The purpose of the present iiivestigation is to establish the relative im- 
portance of various sources of cheese proteinases, and also to present studies 
of the differences in proteolytic activity during the making and ripening of 
raw and pasteurized Cheddar cheese made from the same milk. 

METHODS 

Cheese proteinase. The method used to determine proteolytic activity in 
Cheddar cheese reported by the present authors (10) wms used in all cheese 
proteinase analyses. Ail analyses were made both wdth and without 0.015 

Received for publication September 22, 1947. 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. This work was supported in part by a grant from the National Cheese 
Institute. 


55 


f)(i MERLIN H. PETERSONj KT AU 

molar cysteine in order to differeiitiate betweeii eysteiue-aetivate^d^ pro- 
teinases and those iniaffeeted by cyst eiiie. 

Cheesemaking jirocMure, The milk used in making the experimental 
cheeses was mixed, i*aw, whole milk from the University Dairy. A 920-lb. 
lot of the milk was divided into two equal portions. The first portion re- 
ceived no treatment. The second portion was subjected to pasteurization 
(holder method— 30 min. at 145® F.). Each portion, after treatineiit, was 
placed ill a sepaimte vat, and both received identical subsequent treatment. 
Cheeses were made by an exprieneed maker aceording to standard pro- 
cedures. From each vat two 22-lb. cheeses were obtained. The green 
cheeses produced were kept at 68® F. for a period of 2-3 days and then 
were transferred to a cold room (40-45® F.) for the remainder of the ripen- 
ing period. 

Sanvplhuj, Samples for enzyme amdysis were taken at various intervals 
during the making process and ripening ])eriod. Sampling times vised are 
indicated in the figures and tables. 



PROTEOLYTIC ACTIVITY CUIEDDAE ClIEKSi; 

MAKING AND RIPENING 

Proteinaae content of raio and pasteurised Cheddar cheese. In figures 
2-u, and 2-5 the averages of the pixvfeolytic activities at pH 5 
of a series of pairs of pasteurized milk cheeses and raw milk che{\seH made 
by the procedure described under Methods’^ are given. Figures 1-6 and 
2-6 cover the entire ripening period. Figures 1-a and 2-a show, on an en- 
larged scale, the changes oceundng during the making and the first few 
days of ripening. 

Pigmies 1-a and 1-6^ representing the proteolytic* activity in raw milk 
Cheddar cheese, will be consiclei'ed first. In figure !-</, it will be noted that 
a small amount of proteolytic activity is present in the milk at the time it 
is placed in the vat. This represents miik proteinase, the significance of 
which will be discussed later. The first important increase in pndeolytie 
activity occurs 90 to 120 minutes after the start of making. While part of 
this increase can be attributed to proteinases of the added rennet, com]vari.son 
of figures 1-u and 2-fi indicates that most of this increase ])robably is due 
to bacteria giwving ainl iinxliicing extracellular pi'oteinases during the 
making process. Since the corresponding iiicimse in the proteolytic ac- 
tivity of pasteurized milk chee>se (fig. 2-u) is much smaller, it is believed that 
the bacteria responsible are destroyed in the pasteurization process. No 
further change in proteolytic activity occurs until after the cheese is in its 
final form and has been stored. In the first few days of ripening a large 
increase in cysteine-activated proteinases occurs. The use of cysteine liex’e 
is valuable in that it affords a means of differentiation in the type of pro- 
felnases present in the cheese and thus affords a clue to the source of these 
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HRS. DAYS 

Fig. 1-h. Proteinase activity at pH 5 in raw milk Cheddar cheese during making 
and a 300'day rij>ening period; same cheeses as Fig. 1-a. The analyses after 180 days, 
however, were, made on only one pair of these cheeses. Solid line, with cysteine; hrokeii 
line, Avithont cysteine. 






PROTEINASE IN CHEESE 


PROTEINASE 

UNITS • 10"^ 


PER GRAM 
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8 !6 
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Fig. l-a. Proteinase activity at pH 5 in raw milk Cheddar cheese during making 
and the early stages of ripening. The curves represent the average of six cheeses. Solid 
line, Avith cysteine; broken line, Avithont cysteine. 

])roteiiiases. It should be emphasized that in the lupeniiig^^ where 

strictly anaerobic conditions are present (6), the cysteine-aetivated pro- 
teinases undoubtedly are present in a fully active state. 
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Figures 1-a and 1-?) show that the amount of proteinase in the milk is 
very small compared to the proteinase of the cheese. Consequently, even 
if the milk proteinase is carried over quantitatively into the ehee.se, its role 
in ripening must be small. It also will be noted that the proteolytic activity 
at pH 5 of the added rennet is relatively small ; it is readily seen, therefore, 
why such large amounts of rennet extract must be added to Cheddar cheese 
in Older to increase markedly the i-ate of ripening (2, 3, 4, 7, 8, 9, 14). 

Figure 1-a indicates that most of the proteinase of the young cheese 
is bacterial in origin. Part of this is produced in the vat, and the remainder 
is set free during the first few days of ripening. Figure 1-b shows that as 


PROTEINASE 
UNITS • 10'^ 
PER GRAM 
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/ 

_ I 

f 


1 III t III t_i_J I,.. i_,i, 


0 . 8 16 

HOURS DAYS 

Pig. 2-d?. Proteinase activity at pH 5 .in pastetirizecl milk Cheddar cheese during 
making and the early stages of ripening. The curves represent the average of six cheeses. 
Solid line, with cysteine ; broken line, without cysteine. 


the cheese ripens its proteinase content increases greatly. !t is very ap* 
parent that only a small portion of the total x)roteolytic activity is con- 
tributed by the milk and the rennet when standard Cheddar cheestnnaking 
X)rocediires are employed. The greater xiortion of the proteinase increase is 
eysteine-activated and may represent endocellnlar bacterial proteinases 
liberated by bacterial autoiysis (13). 

The proteinase activity of pasteurized milk cheese at various ages is 
shown in figines 2-(i' and 2-?>. In pasteurized milk cheese (fig. 2~-«) there is 
no increase in proteinase in the vat other than that introduced with the 
rennet. There is a relatively large increase in cysteine-activated proteinase 
during the first few days of ripening. Figure 2~h shows that the total pro- 
teinase content of pasteurized milk cheese during rii:)ening is less than that 
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of raw milk eheese, and that in pasteurized milk cheese much less eysteine- 
activated proteinase is present. 

Since the sources of the proteiiiases found in Cheddar cheese during the 
later ripening period must be in large part bacterial, it might readily be 
assumed that some of the differences between raw and pasteurized milk 
cheese made from the same lot of milk could be attributed to this difference 
in cysteine-activated proteinase content. The bacteria responsible probably 
are species which are greatly reduced in number during pasteurization. It 
also may be seen from figures 1-b and 2-b that the content of proteinase, 
not activated by cysteine, becomes greater in the pasteurized milk cheese than 



Pig. 2-&. Proteinase activity at pH 5 in pasteurized milk Cheddar cheese during 
making and a 300'day ripening period, same cheeses as Pig. 2-a. The analyses after 180 
days, however, were made on only one pair of these cheeses. Solid line, with cysteine: 
broken line, without cysteine. 

^ that of the raw milk cheese after 80 days of ripening and remains greater 
throughout the rest of the ripening period. 

During ripening, flavor development always is more complete in raw 
milk cheese than in pasteurized milk cheese of the same age. Since the dif- 
ference in proteinase content between the two types is largely in the cysteine- 
activated fraction, it follows that cysteine-activated proteinases may be re- 
sponsible, in part, for the more rapid flavor development in raw milk cheese. 
Since the organisms responsible are present in x'aw milk but are largely de- 
stroyed in pasteurization, it appears that improvement in pasteurized milk 
Cheddar cheese might be obtained if these organisms could be isolated, 
characterized, and added with the starter culture. 

BeproduciJnhty of cheeses. The data of figures 1 and 2 represent aver- 
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Figures l-a and l-h show that the amount of proteinase in the milk is 
very small compared to the proteinase of the cheese. Conseqtieiitlyy even 
if the milk pi'Otemase is carried over quantitatively into the cheese, its role 
in ripening must be small. It also will be noted that the proteolytic activity 
at pH 5 of the added rennet is relatively small; it is readily seen, therefore, 
why such large amounts of rennet extract must be added to Pheddar cheese 
in order to increase markedly the rate of ripening (2, 3, 4, 7, 8, 9, 14) . 

Figure indicates that most of the proteinase of the young cheese 
is bacterial in origin. Part of this is produced in the vat, and the remainder 
is set free during the first few days of ripening. Figure 1-5 shows that as 



Fig. 2-a; Proteinase activity at pH 5 in pasteurized milk Cheddar cheese during 
making and the early stages of ripening. The curves represent the average of six cheeses. 
Solid line, with cysteine ; broken line, without cysteine. 

the cheese ripens its proteinase content increases greatly. It is very ap- 
parent that only a small portion of the total proteolytic activity is (con- 
tributed by the milk and the rennet when standard Cheddar cheesemaking 
procedurcKS are employed. The greater portion of the proteinase increase is 
cysteine-activated and may represent endocellular bacterial proteinases 
liberated by bacterial autolysis (13). 

The proteinase activity of pasteurized milk cheese at various ages is 
shown in figures 2-a^ and 2-5. In pasteurized milk cheese (fig. 2-n) there is 
no increase in proteinase in the vat other than that introdu(?ed with the 
rennet. There is a I'elatively large increase in cysteine-activated proteinase 
during the first f ew^ days of ripening. Figure 2-5 shows that the total pro- 
teinase content of pasteurized milk cheese during ripening is less than that 
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of raw milk cheese, and that in pasteurized milk cheese much less cysteine- 
activated proteinase is present. 

Since the sources of the proteinases found in Cheddar cheese during the 
later ripening period must be in large part bacterial, it might readily be 
assumed that some of the differences between raw and pasteurized milk 
cheese made from the same lot of milk could be attributed to this difference 
in cysteine-activated proteinase content. The bacteria responsible probably 
are species which ai-e greatly reduced in number during pasteurization. It 
also may be seen from figures 1-6 and 2-6 that the content of px*oteinase, 
not activated by cysteine, becomes greater in the pasteurized milk cheese than 
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Fig, 2-&. Proteinase aetivity at pH 5 in pasteurized milk Cheddar cheese during 
making and a SOO-day ripenmg period, same cheeses as Fig. 2-a. The analyses after 180 
days, however, were made on only one pair of these cheeses. Solid line, with cysteine.* 
broken line, without cysteine. 

that ot/the raw milk cheese aftei' 80 days of ripening and remains greater 
throughout the rest of the ripehiiig period. 

During ripening, flavor development always is more complete in raw 
milk cheese than in pasteurized milk cheese of the same age. Since the dif- 
ference ill proteinase content between the two types is largely in the cysteine- 
activated fraction, it follows that cysteine-activated proteinases may be re- 
sponsible, in part, for the more rapid flavor development in raw milk cheese. 
Since the organisms responsible are present in raw milk but are largely de- 
stroyed in pasteurization, it appears that improvement in pasteurized milk 
Cheddar cheese might be obtained if these organisms could be isolated, 
characterized, and added with the starter culture. 

BeprodiiciMUty of cheeses. The data of figures 1 and 2 represent aver- 
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The letter B indicates a raw milk cheese, P a pasteurized milk cheese. Cheeses made from the same lot of milk have the same number. 
Proteinase determinations were made at pH 5 both with and without 0,015 M cysteine (10). 
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ages of six pairs of raw and pasteurized milk cheeses. Analyses after 180 
daySj liowever, were made on only one pair of cheeses. The indiyidiial 
curves for the six pairs of cheeses were very similar. The individual anaiy- 
ses .are presented in table 1 and may be seen to check closely. 

SUMMARY 

1. The proteinase content of a series of pairs of raw and pastenrized milk 
Cheddar cheeses has been determined at intervals during the making and 
ripening periods. 

2. The active proteinase in ripening Cheddar cheese is largely of bac« 
terial origin; only a small fraetioii of the total activity is contributed by 
the milk and the rennet. 

3. Pasteurized milk Clieddar cheese is characterized by a hnver ianitent 
of (3ysteme-aetivated proteinase than raw milk Cheddar clieese, 
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THE HERITABILITY OP OFFICIAL TYPE EATINGS AND THE 
CORRELATION BETWEEN TYPE EATINGS AND BUTTER^ 
FAT PRODUCTION OP AYRSHIRE COWS^ 

W. J. TYIiEE AND GEOEGE HTATT, JE. 

Depart numt of Dairy Hushandry, University^ Moryantown 

Tile selection of dairy cattle for breeding purposes usually is based on 
the type and the production records of the auhnals, their ancestors or their 
progeny. The eonsideration given to type in a, selection program should be 
determined by its economic iniportanee to the breeder — ie., by the advertis- 
ing value and the increase in selling prices of animals TOth liigh classifica- 
tion ratings, by the relationship betAveen type and production, and by the 
heritability of type. The economic importance of type varies from herd to 
herd, depending on the sales policy used by the breeder. Neither the cor- 
relation between type and production nor the heritability of type should 
vary mueh from herd to herd witliin a breed. 

The purpose of this study Avas to estimate the heritability of single type 
ratings and to compute the correlatiou betA\‘een type and production in 
Ayrshire cattle, 

■ 

The data used in this study Acere the type ratings of Ayrshire coats 
classified betAveen March, 1942, and May, 1946, by official inspectors in 
aeeordanee Avitli the rules of the classification program of the Ayrshire 
Breeders- Association. The participation of Ayrshire herds in this program 
is Amluntary. According to the plan, the breeder subniits for offieiab i 
spection all of his cows that have freshened one or more times. These cows 
are given a single rating of one of five grades : Excellent, Very Good, Good 
Plus, Good, and Pair. 

The rating and other information on each coav Avere eoik^l and piinelied on 
International Business Mtndnne cards. Tlu^se cards were sorted a(*«^ording 
to inspector and date of elassification. Tln^ correlation <meflieientH betAveen 
ratings of related animals that Avere classified on the same day by the same 
inspector Avere computed and used to estimate the projxndion of the total 
variability in ratings that is transmitted from parents to their offspring. 
In this paper this transmitted portion is called the heritability. Prom the 
correlation betAveen the type ratings of pateriuil sisters and the regression 
of daughter's rating on dam’s rating after removing the influence of the 
sires, the heritability of single type ratings Avas estimated. 

The bntterfat production records of classified coaa^s Avere used to calculate 

Eeeeived for pulUleation Oetoher 2, 1947, 

1 Published with the approval of the Director of the West Virginia Agricultural Ex- 
periment Station as Scientific Pa^xn* no. 380. 
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the correlation between tyi:)e and prodnetion. Type was paired with the 
first record, with the record begun nearest to the date of classification, and 
with the average of all records. All bntterfat records were adjusted to a 
mature-equivalent, 305-day, twice-a-day milking basis. 

RESULTS 

HeritabiUty of type. The classification ratings of 3J38 cows sired by 
368 bulls were used to compute the correlation between the ratings of 
paternal sisters. Only those sires with six or more daughters that were 
classified the same day were included in this study. This procedure should 
have eliminated most of tho.se sires which would be I’epresented by a few 
highly selected mature daughters. The frequency distribution of the 
ratings of these 3,738 cows and the -distribution of 8,573 Ayrshire cows that 
were classified during the same period are given in table 1. The agreement 
between the two columns showing percentages indicates that tlie gi*onp of 
3,738 cows is a representative sample of the breed. 


TABLE 1 

Frequency distribution of the ratings for paternal sisters and for the Ayrshire breed 


Bating 

No. of paternal 
sisters 

Percentage 
of total 

Breed percentage 
of total* 

Excellent 

109 

2.9 

' ■ 3.7 ■ 

Very good 

831'' 

i.: ■.'22.2' 

•22.1 

Good plus 

1627 

! 43.6 ,1 

42.7 „ 

Good 

'^■987, . 

26.4, ,| 

26.8 

Bair 

184" 

'4.9;;;., ,. y 

, 

Total 

3738 

100.0 

100.0 


* Tills is the distribution of the classification ratings of 8,573 Ayrshire females classi- 
fied between March, 1942, and May, 1946. 


The variance of these type ratings was divided into variation, between 
inspectors, between sires wfitliin inspectors, and between daughters by the 
same sire, as shown in table 2 (9). The standard deviation of all ratings 
was 0.9. The variance component A represents variation between daughters 
by the same sire, while component B is the additional vaiuance wiiieh can 
be ascribed to difference between sires, and C to differences betw'een in- 
B 

specters. The ratio is the average eorrelation between danghter.s by 

the same sire. In. these data this correlation was 0.12 with a standard 
error of 0.04. 

There were 1,601 cows whose dams were classified on the same day hy 
the same inspector. ' These cows were sired by 789 sires. The analysis of 
■covariance technique was used (table 3) to obtain the regression of 
■daughter’s. rating on dam’s rating within sires and this eoefiaeient was 
0.14 ±: 0,034. The regression of offspring on dam within sires avoids much 
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of tlie environmental eontribiition wliieli would be found in a gross correla- 
tion or regression between parent and offspring. 

Estimates of tlie lieritability^ of type in cattle can be made from tlie 
above relationship. In a random breeding population the correlation be- 
tween traits of paternal sisters may be expected to contain 0.25 of the 
additive genetic variance, 0.06 or less of the epistatic variance, plus the 
environmental portion of the variance times the eorrelation between the 
environments of the half sisters (10), However, in those herds whei'e the 
only source of new stock is through sires, the average genetic relationship 
between two animals by the same bull often is greater than 0.25. In most 
cases the animals used in this study w^ere from herds using only one or two 
sires. Therefore, the average genetic relationship of the paternal sisters 
should be approximately 0.30, Since the environmental eoiitribiition to the 


TABLE 3 

Analysis of covariance of type ratings of dams arid daughters mid the iiilra-sirc re- 
gression of daughter’s rating on dam’s rating 


Source of 
variation 

Degrees of 
freedom 

1 Sums of 

squares 

Cross 

produets 

Rt‘gressioii 
, dun. on dam 

Daughters 

Dams 

Between sires ............... 

788 

719 ■, 1 

830 

' 240: 


Within sires ................. 

812 


481 

66 

0.14 

Total 

1600 

1171 

1311 

306 



patemal sister correlation could not be determined aceiirately, the lierita- 
hility of type ratings could be estimated to be somewhat less than 0.12 
or 0.40 from these data. 

The intra-sire regression coefficient of daughter’s rating on dam’s rating 
should contain 0.5 of the additive genetic variance pins about 0.25 of the 
epi.static variance. Non-random matings would not affect the intra-sire 
regression coefficient of daughter on dam (6). Hence, the estiniate of 
heritability from the.se data would be about 2 .X 0.14 or 0.28. 

When the two estimates of heritability are combined, the average figure 
is 0.30 and the 95 per cent fiducial limits are 0.19 and 0.42. This means that 
the chances are very good (19 out of 20) that the real heritability of type 
I'atings lies within these limits. 

Correlation Ictween type and production. The official ratings, number 
of cows, percentage of total, and average butterfat production (first record, 
record started nearest to the date of classification, and the average of all 
records) of the 5,177 cows that were classified and also had production 

aLiisli defined tlie degree of heritability as “tlie. fraction of tlie observed variance 
wliioh was caused by differences in heredity “ (6) . This fraction may result from additive 
gene effects, interaction of allelic genes (dominance), and interaction of non-allelie genes 
(epistasis). 
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records are given in table 4. On the basis of the percentages for the classi- 
fieation groups for all classified Ayrshires (table 1), a larger percentage of 
the Excellent and Very Good cows have production records. This is similar 
to Copelamrs findings (1, 2) in his study of classified Jersey cows, and 
means either that the herds on official test were culled more closely before 
the inspector classified the cattle, that these herds were inherently better 
in type conformation than the herds that were not on test, or that inspectors 
are influenced by the records (consciously or unconsciously) and thereby 
place higher producers in the Excellent and Very Good classes when they 
know about production and do not when the production is unknown to tliein. 

The butterfat production of cows iiiereased with each rise in type rating 
with the exception of the average of the first butterfat records of the Good 
and Pair groups of cows. 

Ill order to remove tlie effect of herd on the eorrel at ion between type and 

TABLE 4 


Freqiieniiy MiftflFvction of the rafAngs of the imih production records mid the average 
production of butterfat fa^^^ 


Classiaeatiuii 

mting 

'No. of ' 
cows ; ■ 

i 

Pereentage 
of total 

1 At, Outterfat produefom 

1st records 

Nearest record 

Av. ail records 

Excellent 

320 

6.2 

415 

417 

412 '■ 

Veiy good 

1479 

, . .28.0' ■ i 

304 ^ J 

385 

386 

0ood i)ius .. .. 

2105 

40.6 ’ 

' 376 . ! 

367 

369 

Good 

1097 

21.2 

361 

. 352. .. I 

353 

Fair 

176 

"3.4 

363 

345 

350 

Summary 

5177 

100.0 

380 

. 371 '! 

372- ^ , 


butterfat production, the data were analyzed by the analysis of covariance to 
obtain the intra-herd correlation and regression of butterfat production on 
type rating. The correlation and regression coefficients of the first, nearest, 
and average of all butterfat records on type rating are given in table 5. 
The hetween-hei’d correlation coefficients, r = 0,53, 0,42, and 0.50, are highly 
significant and mean that those lierds classified as the best type tended to 
have the higliest average ])rodiiction per cow. Within each herd, howevei*, 
the correlation coefficients betw’een type and butterfat production were 
lower, r -■== 0.16, 0.16, and 0.19, but still statistically significant. The re- 
gression coefficients show that within a herd the butterfat production of the 
cows increased about 12-14 lb. for each increase in type grade. However, 
herds that averaged one classification grade higher in tyjie also averaged 
about 82 lb. more butterfat per cow. 

DISOtTSSION 

The objectives of this study in daily cattle breeding %vere to determine 
the heritability (transmitted portion of the superiority of parents over 
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average of group from whicli parents were selected) of type and tlie cor- 
relation beUveen type and produetion. On the basis of the studies of eeo- 
liomie cliaraeteristies in swine (3), and milk and butterfat production in 
dairy cattle (8), it would seem that the resnlts found here might well apply 
to other breeds of dairy cattle. 

The I'esults have sliowm that the heritability of single type ratings in 
Ayrshire cows probably lies between 0.19 and 0.42, This indicates that 
selection for type through a type classification program should iinx)rove the 
type of future generations of dairy cattle. If type was considered in the 
selection program, the breeder could expect the next group of offspring from 
the selected parents to be approximately the lieritability times tlie difference 
betw^een the type of the selected parents and the type of the group or lund 
from which the parents came. For example, if the average type of a herd 
was Good Pius (82.5) and the animals selected as parents averaged Very 

TABLE 5 


Analysis of comrianee and the correlation and regression ooeffleients of diitterfat pro- 

dnction 071 type rating 



Degrees 

of 

freedom 

Correlation coefficients* 

Begression coefficients* 

Source of 
variation 

1st record 
& type 

Nearest 
record 
& type 

Av, all 
records 
& type 

1st 1 
record : 
o'li type ■ 

1 Nearest 
record 
on type 

Av. all 
records 
on type 

Between 
herds 

303 

0.527 

0.417 

0.497 

82.6 ' 

' '■SO.S . ''' 

C^l 

00 

Within 
herds 

4873 

0.156 . 

0.159 

PAm 

11.6 

■'■.13.9;/. 

12.0 

Summary 

5176 

0,193 

0.184 

0.220 

15.7 

17.7 

16.8 


* P < 0.01 for all values found. 


Good (87.5), then the best estimate of the type of the offspring of these 
parents is 82.5 -f- 0.2(87.5 -82.5), or 88.5 if the heritability of type is 0.2, 
and 84 and 84.5 if the heritability is either 0.3 or 0.4, respectively. Actually, 
the improvement in type would not be this fast unless the sire’s breeding 
value for type was as equally "well knowm as the type of the cows selected 
as parents. Estimates of a sire’s bx^eeding value for type could be made 
from a progeny test or from a pedigree study. The correlation between the 
type of a sire and the type of liis daughters is not well known, although 
Copeland’s figures indicated a low relationship (1). 

The inti'a-herd relationship of type and butterfat production was 0.16 
between type and single records, and 0.19 between type and average of all 
records. These correlation eoefScients are very similar to those repoiffed by 
Lush (7) for Holstein-Friesian cows, but somewhat smaller than the coeffi- 
cients which Copeland (2) computed between type and butterfat records 
of Jersey cows. The differexiee between the correlation coefficient between 
type and a single butterfat record (first or nearest) and the correlation 
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coefficient between type and the average of all biitterfat records is not 
^ statistically significantj but it is in tlie expected direction.^ Intra-herd cor- 
relations were computed for this study because in most cases selection is 
practiced among animals that are raised on the same farm. Selection within 
herds for type only would not result in any substantial increase in butteffai 
production. Likewise, selection for butterfat alone would not increase the 
type of the animals to any great extent. 

Hazel (5) has desexibed a procedure to derive selection indexes. Before 
an index tnui be made for butterfat and type, however, the relative economic 
importance of each imist be determined, and likewise the correlation between 
the g’eiio types (breeding value) for type and butterfat must be known. 
The advantage of an index is that iinprovement \vould be inade in both 
type and prodnetion so that the gnin xvould niean most to 1 lie breeder in 
dollars and cents. It seems probable that other cluu‘acteristics (such as 
longevity and rej)roduetive behavior) should be tionsulere(] in deriving an 
index for selecting dairy cattle. 

SUMMARY , , 

The elassifieation ratings of 3,738 paternal sisters and of 1,001 cows out 
of classified dams were used to estimate the portion of the difl:erences in " 
official type ratings that is transmitted from parents to offspring. This 
portion is called heritability and from tliese data this figure is estimated to 
be 0.3. Thus offsiiring inherit about one-tliird of the ohserved superiority 
of the parents^ type, and herd improvement in the t^ype of dairy cattle can 
be made by the selection of animals, that are above the herd average in type 
for parents of the next generation. 

The correlation between classification rating and prodnetion of butterfat 
was computed from data on 5,177 cows. Within herds tliere was an average 
increase of 13 lb. of butterfat for each increase of one grade of type. The 
relationships betwa^en the classification rating and the fii'st bnttertat record 
of a cow, bet^veen the type rating ol' a cow and her butterfat record begun 
nearest the date of classification, and between tlie type rating of a cfow and 
the average of all her butterfat records were statistically liighly significant, 
but they -were so low that their practical significance is quite small. The 
eoixelatioii coefficients were 0.16, 0.16, and 0.19, respectively. 
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VARIATIONS IN TYPE RATINGS OP INDIVIDUAL 
AYRSHIRE COWS^ 

CiEOEOE HYATT, JB., and W. J. TYLER 
Ihrpartineiit of Hn West Virghiki Kor//a?^^oir?^ 

Type elassifieatioii programs have been adopted by all the major dairy 
cattle breed associations. With the exception of the Guernsey breed, in 
order to participate in this program each breeder must submit all of the 
registered cows in his herd for classification. At a subsequent reclassifica- 
tion of the herd new ratings on previous^ classified cows will be official 
only if the new rating is liigher tlian tlie previous official rating. Before a 
definite appraisal of the type classification program can be made, it is 
desii'able to know as miieh as j)ossible about the amount of variation that 
oeeurs when the same cows are classified several times throughout a lifetime. 
This investigation sought to determine: (a) The degree or amount of valua- 
tion that occursAvhen the same cows are classified several times in their life- 
time, (b) tlie degree of agr<?ement betwoeii ]*atings given tlie same cow liy 
the same inspeetor and by difimTiit inspectors at different times, (e) the 
possibility tliat age of aniioal, stage of lactation, and condition of animal 
influence the official type rating, (d) the value of photographic records in 
stiKiying the type of animals from birth to maturity, and (e) the reasons 
why the ratings of some cows undergo large changes. 

EXPERIMENTAL PROCEDURE 

The data for this investigation were collected from the Ayrshire herd 
(known as the Reymann Memorial Herd) at Hie West Virginia, Agricultural 
Experiment Station. This herd represents approximately 2n years of a con- 
tinuous, earefully controlled breeding project. No females have been 
brought into the herd in that period of time, ami tnieli normal female tliat 
is dropped ill tlie herd nn^ be raised and retained, through at least one 
805-day lactation before her disposal. The feeding and management of the 
herd has been kept as nearly constant as possible over thci 25-year period. 
Each animal is bred to freshen each year, allowing 6 to 8 weeks for the dry 
period. 

Prom 1942 tlirough 1946 all the females that had calved were rated 
for type approximately three times yearly. During this period 188 cows 
Avere rated. Of this number, 32 were rated once, 26 twice, 17 three times, 
8 four times, 6 five times, 9 six times, 12 seven times, 9 eight times, 5 nine 
times, 4 ten times, 2 eleven times, 3 twAdve times, and 5 thiideen times. In 

Received for publication October 2, 1947. 

1 Published with the approval of the Dii*ector of the West Yirgiiiia Agricultural Ex- 
poriinent Station as Scientitie Paper no. S82. 
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each instance the type rating was given by an official inspector appointed 
by the Ayrshire Breeders’ Assoeiationj who also indicated on a seoreeand 
the main criticisms of each animal classified. The inspectors had no knowl- 


edge of any i^revions ratings on the animals until they had rated each 
animal and completed their work. The type rating standards of the official 

type classification program of the Ayrshire Breeders’ Association*— Excel- 
lent, Yery CSood, Good Plus, Good, and Pair— were used as the standard 
gratles. In order to facilitate the anaiysis of the data, the official grades . 

were coded, using 5 for Excellent, 4 for Very Good, 3 for Good Plus, 2 for 
Good, and 1 for Pair. 

, , RESULTS' ; 

Yaiiatmis m individiml ratmgs. ’Eighty 
three times or more. These ratings are shown in table 1, along with the 
dates cdassified, the inspector, and the ningT^ in the (dassificmtioiv ratings 
each cow. •/, 

A summary for the table shows that seven animals or 8.8 per cent were 
rated the same each time they were classified, 47 or 58.7 per cent had a 
range of one grade, 23 or 28.8 per cent had a range of two grades, and 3 
or 3.7 x>er cent varied three grades. These results indicate that approxi- 
mately one-third of the 80 head varied two or more grades when classified 
an average of five times over a x)eriod of 4.5 years by different ihspectors. . 

A further examination of the data was made to determine the inajor i-easoiLs 
for %"ariations in tyx)e ratm^ 

Corrdation heiwemi type ratings of ike same cow when classified hy 
the same inspector and hy The relationships (repeat- 

abilities) betw^eeu ratings given a cow by the same inspector and bet^veen 
ratings given a co\v by different inspectors were computed after the data 
first w'ere analyzed by the analysis of variance (3), The mean squares 
for between cows and within cows were obtained and the eomi)Ouents 
of variance for each mean square were determined. This analysis ^ 

is shown in table 2, 'where the variation in type ratings of 53 cows 
classified by inspector B has been analyzed into differences between cows and 
within cows and the two components of variance, A and are calculated. 

The component of variance A is the variance caused by differences between ^ 

ratings on the same cow, while B represents the additional variation that 

can be ascribed to differences between, cows. The ratio ■■ represents 

the average correlation betAveeii the ratings on each cow classified by E and 
is 0.73. Inspector K c]a.ssified the cows in May, 1942, October, 1942, and 
May, 1943. 

Similarly, the correlations of repeatabilities of ratings of the same cow 
•when classified by the .same inspector were 0.82 and 0.62 for inspectors IT 
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TABLE 2 


Analijsls of varianec of type ratings of vows classified in the dteymann 
Memorial Kerd hy mspector H 


Source of 
variation 

Degrees of 
freedom 

Sums of 

squares 

■ 

Mean 

square 

Varianee 
components of 
mean square^' 

Individual 

components 

Between cows ... 

52 

107.2 

2.062 

A -t 2.47 B 

n = 0.727 

Within cows 

.78 . 

20.8 

0.267 

A 

A = 0.267 

Total i 

ISO 

128.0 

0.985 

1 

A + 0.988 B 

= 0.094 


^Coefficients for the components of variance ^vere emiii)oted by tlie method used by 
Diclverson (1). 


and T, respeetivelj", based on 42 and 9 eows. Tlie elassifieations by inspector 
IT were made in October, 1943, and January, 1944 while inspector T rated 
tlie cows in July, 1943, and May, 1946. 

In table 3 the analysis of variance was used on the rating's of cows cdassi- 
tied two or more times by dilferent inspectors. In this analysis only the 
first ratingv placed on an animal by an inspector was used, and any later 
ratings given to tlie cow by the saine inspector were oinitted. The repeat- 
ability of ratings for th 101 cows was 0.55. 

Tables 1, 2, and 3 indicate that there is a considerable amount of variation 
in the type ratings of individual Ayrshire cows. Some of the possible 
reasons for these variations, other than the diftbrenee in inspectors, were 
studied. 

Effect of age on variation of type ratings. From observation it apx)eared 
that as cows advanced in age there was a tendency for the inspectors to raise 
their rating. In other words, it seemed that when an animal was (dassifled 
at an early age, the inspector w'onld rate the animal a grade lower if there 
was any donbt in his mind, because the animal always could be raised at a 
subsequent reclassification, but never oflBeially lowered. . Table 4 gives the 
average rating of all the cows classified at the ages of f to 11 years, inclusive. 


TAB:LE..a . 

Analysis of variance of type ratings of cows elassiflcd In the lieymann 
Memorial Herd "by differ C7it mspectors 


Source of 
variation 

Degrees of 
freedom 

Bums of 
squares 

Mean 

square 

Yarianee 
components o£ 
mean square* ■ 

Individual 

components 

Between cows ... 

100 

255.7 , , 

2.557 

^ + 4.446 B 

' ■ 'B=:0,484' 

Within cows ...... 

348 

140.1 

0,403 

A 

A =0.403 

Total 

448 

395.8 

0.883 

A + 0M2'B 

■ 0,887 


* Ooeffieients for tlie components of variance were computed by the method used by 
Bickerson (I).- ' 
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table 4 

Average type rating hy ago for all aniinals classified l}r:twe€)i the 
ages of to 11 years, inclusive 


Age classified 

1 No. of animals 

Av. rating 

" ' ■ '2 ■ ■ ■ 

I ' ■ ^7 ■ 

! ■ 2.27 ■ 

3 

■204 

!.■■■,:■ ' -^ 2.83 ■ 

a: ■ ■ ! 

/ ■ 127- ^ 

3.01 

5 

' 82.- ' ■ 

i ■ . . 3.35 ' . 

, 6 ■ ■ 

48 ■ ■ ■ 

i- 3.48, ■ 

■ 7 ■ . ■ 

m 

■ . 3.61' 

8 


. " 3.69 

9 

.^22, ■.■■:; ' 

3.91 ■■ . 

10 

■ 23- 

. - " ■ 4,26 ' 

11 

18 

4.06 


This table might lead one to believe that as the animals advanced in age the 
rating went np, but the factor of selection must be considered. Tlie better 
type animals, as a rule, -were kept in the herd longer, and those cows that 
were classified at 5 years and over were a select group of individuals. Aver- 
ages as given in this table do not present an accurate picture of the effect of 
age on the variation of individual type rating>s. 

A more accurate picture is presented when the etfect of age oji type 
rating is studied within the same animals. In this study 65 females were 
included that were classified niunerous times as 3-, 4-, and 5-year-olds. 
Thirty of the same females were classified several times as 4- and 5-year-olds, 
and 27 of them classified several times as 3-, 4-, and 5-year-olds. Tlie results 
of this study are presented in table 5 and indicate that the change in type 
rating due to advancement in age is not great but is statistically significant 
between the ages of 4 and 5. More years of results will be needed to make 
the same determinations for older animals. 

.Slffeet of stage of lactation on variation of type ratings. During each 
calving interval a cow usually undergoes a constant change as far as her 
physical appearance is concerned. In the majority of cases dairy cows put 
on flesh during* their dry period and when they come into production they 
are usually well covered with flesh and have a certain bloom that tliey Jose 
during a heavy-producing lactation. The additional fleshing may serve to 


TABLE 5 

Average type rating ly age within cows 


Age classified 

No. of animals 

Av, rating 




4 



4 


3.05 

5 





2.98 



3.02 


' 27 

3.21 
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cover up eertain faults; on the other liaiich it may cause certain cows to 
appear to be lacking in dairy temperanient. The appearance of the udder 
also changes constantly. 

In an effort to determine some specific measure of the effect of stage 
lactation on the variation of type ratings of the same cow, an analysis was 
made of the ratings of 63 animals classified 137 times between freshening and 
the fourth month of lactation, inclusive, 140 times between the fifth and the 
ninth month of lactation, inelnsive, and 173 times between the tenth month 
of lactation and the next freshening period. The average of the ratings 
made between freshening; and the fourth month, inclusive, was 3.27 ; betAveen 
the fifth and the ninth month, 3.08 ; and fi*om the tenth month of lactation to 
the next fi’eshening period, 3.35. These difterenees are small but are sta- 
tistically significant 'wlieii either the early or the last part of the lactation is 
compared with the middle segment. The data suggest that a little higher 
rating is obtained when animals are classified shortly before or after fresh- 
ening, rather thaii in the iniddie part of their lacdatM^^ 

As yet data are insutlicient to make monthly comparisons of ratings 
tliroiighout the lactation of a inimber of auimals, which would be most 
dcssirable. Individual differences are gi*eai when cows are compared as to 
tlieir changes in type conformation thronghout a lactation period, and 
averages such as the abovi^ may cover up some of those -wide individual dif 
ferences. A photograpliic record kept on. many of the coavs tliat Avere 
classified at various times tliroughout their lactatiou is valuahle and brings 
out Aumy clearly hoAv greatly some coavs change in appearance, not only with 
stage of lactation but also Avith age. 


DISCUSSION 


The results of the project thus far seem to indicate quite definitely that 
the valuations in type ratings of individnal Ayrshire coavs are considerable 
OA^er a period of years. These variations are due to several causes, 
which are age, stage of lactation, degree of fleshing of t1u\ animal and the 
differences in ins})ectors. HoAvever, from an analysis of the data, al 
Avith the eritieisins made of each, cow by each insjiector at eaeli classification, 
most of the Avide variations in type ratings of individual cows ap 
could be attributed to inability of inspectors to attach ecpial 
certain faults of a eoAA^ This seemed particularly true wdien tlie 
AA^ere criticized for defeetvS in udder, feet, and legs. For example, 22 
26 COAVS that had a range of imy or more grades changed at least two 
grades in tAvo consecutive elassifleations (an interval of 3 to 6 months). 
For 19 of these animals the main faults recorded Avere crooked legs, had f 
or udders defective in either shape or attachment. As a general rule, the 
inspectors agreed very closely as to their appraisal of faults other than those 
found in the feet, legs, an^^ udder^s. 
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These results indicate that uniform cuts for the more important defects 
ill feet, legs, and udder slioiild be adopted. Pexdiaps this can best be ac- 
complished through a series of pictures of cows that exemplify pictorially 
the tyxie and seriousness of the defects involved. Then perhaps definite 
point cuts could be determined for the various types of faulty legs, feet, and 
udders, and these cuts applied by each inspector. 

Obviously, the standardizing of the human factor is still the most per- 
plexing problem in type classification work, and consequently, by deliber- 
ately planning to use the largest possible number of inspectes, variations 
in the results were invited. Type rating technique has been and is being 
improved and, no doubt, will continue to improve. However, the results of 
this experiment are quite similar to those found by Johnson and Lush (2) in 
their study of type in Holstein-Friesians, — namely, that two or more type 
ratings of an individual cow are a far more accurate guide to her true type 
conformation than is one official rating which, can never be lowered irrespe<!- 
tive of future confonuatioo changes. 

SUMMARY 

Eighty Ayrshire cows at the West Virginia Agricultural Experiment Sta- 
tion were rated for type an average of five times over a period of 4,5 years 
by nine diferent inspectors. A summary of these results show'S that 54 ani- 
mals or 67.5 per cent liad a range of one grade or less, while 26 or 32.5 per 
cent had a range of two or three grades. 

The relationships (repeatabilities) bet-ween ratings given a cow by the 
same inspector at different times were calculated for three different in- 
spectors and found to be 0.73, 0.82, and 0.62, while the repeatability of 
ratings given the same cows by different inspectors was calculated to be 0.55. 

Type ratings were found to be somewhat higher on older cows and, in 
addition, were higher on cows classified during the first 3 months of a lacta- 
tion or the last 2 months as compared with the middle segment of the lacta- 
tion. ■ ■ ■ ' 

It is concluded that several type ratings on an individual cow form a far 
more accurate guide to her true type conformation than does one official 
rating which can never be lowered. 
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THE UTILIZATION OF LACTOSE BY THE DAIRY CALF 
FED NORMAL OR MODIFIED MILK DIETS" 

JOEGE EOJAS, B. S. SCHWEIOERT, and L W. EUPEL 
Beparime^it of Dairy Mushanclry and Bepaftment of BioGhemistry mid Nutritmi, 
Agricultural and MecJianical College of Texas^ College Station 

Extensive studies witli adult rats have shown that the addition of fat 
to skim milk diets markedl .7 reduces the galactosuria observed when skim 
iniik plus iroiij copper, and mang-anese is fed as tlie sole diet (3, 8, 9). Little 
is kjiown of the effect of fat on the utilization of lactose by the young calf or 
by other species. Results obtained on one calf and one pig (9) indicate that 
iliese animals xierform in a manner similar to the rat. Both of these animals 
were found to utilize lactose completely when a whole milk diet was fed; 
however, after 2 weeks of skim milk feeding, considerable amounts of 
galactose were found in the urine. The galactose excretion apparently 
could be reduced to normal levels when 4 per cent corn oil was fed in 
addition to skim milk. 

It mm of impoiiance, tiierefore, to exttmd these observations on the 
utilization of milk sugar by the young t^alf. The absorption and assimilation 
of lactose was studied when skim milk, whole milk, or modified wliole milk 
diets 'were fed. 

EXPERIMENTAL PROOEDUHE 

Ten male calves were used in these experiments, six Holsteins and four 
Jersey's. As these animals became available, they were fed either whole 
milk or skim milk diets. The group fed whole milk wms composed of four 
calves, three HoLsteins and one Jersey. Two of these animals received 
whole milk for the entire experimental jieriod of 42 days, one calf was 
changed to a skim milk diet after 18 days, and the remaining calf was re- 
moved from tlie exiieiument after receiving whole milk for 12 days. 

After the calves were taken from their dams, a daily milk allowance of 
6 lb. for Jerseys and 8 lb. for Holsteins mm pail-fed. The allowances were 
increased during the experiment according to the performance of the indi- 
vidual calf. 

The group fed skim milk was composed of six calves, three Holsteins and 
three Jersey»s. Two of these calves received a sp‘eeiall35^ prepared low-fat 
eolostrnm for the first 4 days and skim milk thereafter; two suckled their 
dams for the first 24 hours ; twm received no colostrum and were fed skim 
milk from birth. Skim milk allowances vteve the same as for whole milk for 
the first 2 or 3 days, but \vere increased thereafter to compensate partially 
for the lower energy value of the skim milk. 

Received for publication October 3, 1947. 

1 Some of the data were tahen from a thesis submitted by J orge Bojas in partial 
fulfillment of the requirements for a Master of Science degree. 
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Fig. 1, Apparatus used for making quantitative urine eolleetions from young 
dairy calves. Tlie apparatius is fastened lirmlv in order to avoid losses of urine when 
voided and can be adjusted according to the size of the animal. Tlie animal is placed 
in a close-fitting elevated crate when urine collections are made, and the hose of the 
apparatus is passed through a hole in the bottom of the crate and fastened to a bottle 
placed under the crate. 

for 24 hours at regular intervals. An apparatus and crate were designed 
to obtain quantitative urine eolleetions. The apparatus used is shown in 
figure 1. The volume of urine voided was recorded and aliquots taken for 
sugar analyses. 

Sugar determinations were made by the Shaffer-Hartmann method (10). 
The values for sugar were calculated by the use of the Munson-Walker 
tables (7) with the factor 1.22 to convert glucose values to galactose. It is 
‘ recognized that urine contains reduemg substances other than sugars which 
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The skim milk diet was supplemented witli 25,000 USP units of vitamin 
A per day by capsule as fish-liver oil and with approximately 1,000 units of 
vitamin D (viosterol) . Since several investigators have shown that milk is 
low in iron, copper, manganese, and magnesium (1, 5, 6), the rations were 
supplemented with 7, 0.7, 0.6, and 43 mg., respectively, of these elements 
per pound of milk. Cases of scours or other digestive difficulties weie 
treated sueeessfully wdth 0.25 ounce of sulfagnanidine per os daily for 4 days. 

All calves were kept in individual stalls with straw bedding, except 
during the days when urine eolleetions were made. The urine wa>s colleeted 
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may influence the values obtained. The results are expressed as galactose 
in all cases, altlxoiigli its presence was not eonfinned by osa^one tests. The 
actual values, therefore, cannot be interpreted unequivocally as galactose, 
but they serve as a useful measurement for comparing the effects of diflereht 
dietary regimens, as has been widely used by other mvestigators. The 
accuracy of the method as applied to urine was checked, and recovery values 
for galactose added to urine were satisfactory, all within the range of ±: 5 
per cent of the theoretical. 

RESULTS AND niSCUSSIOH 

Previous reports on the utilization of lactose by rats fed skim milk diets 
were checked. Adult rats fed a skim milk diet for 2 weeks excreted an 

TABLE 2 


Bfect of feeding slim milk on the urinary exereiion of galactose 
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average of 20 per cent of the ingested galactose. Substituting wdiole milk 
for skim milk in the diet reduced the galactose excretion to 2 per cent of the 
intake. These results confirm those of other invcvstigators (3, 8, 9). 

Summaries of tlie results for the groups of calves fed wdiole milk and skim 
milk diets are shown in tables 1 and 2, These data are subdivided into 6-day 
periods, which show that the amounts excreted did not increase as the ex- 
periments progressed. These results do not agree with those of Schantz 
et al (9). In no ease w^ere values found for galactose exci'etion tliat ap- 
proached the figui'e of 16 per cent of the intake reported by these inve>sti- 
gators. The data show that only a small percentage of the galactose in- 
gested was excreted in the urine, regardless of the dietary treatment used. 
Furthermore, no difference was observed in the values for galactose excre- 
tion between calves maintained on whole milk or skim milk diets for periods 
up to 42 days. 


LACTOSE UTILIZATION BY CALVES 


85 


An inspection of the data for each individual animal failed to reveal any 
appreciable differences from the data shown as averages for all animals 
within each group* In some instances, an animal would shov? a sudden rise 
in urinary galactose (from 1 to 4 per cent of the intake) but immediately 
the amount excreted dropped to what can be considered normal. The 
variation that occurred in urinary galactose from day to day for individual 

TABLE S 

Effects of feeding aMittmial lactose to calves receiving shun milh diets 



(Ifolsfein e.'ilf no, 805) 
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Terse V calf no. A42) 
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48 
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* A\^erage for 2 eolleetions. 
t Average for 3 eolleetions. 

animals and betwemi different animals can be explained at least in part by 
variations in the volume of urine voided. This variation was, appreciably 
less when the values wTre calculated for 100 ml, of urine. • The percentage 
excreted w-as not dependent upon the amount of milk consumed. The calf 
maintained on whole milk for 18 days and subsequently on skim milk for 
24 days failed to show any difference in the per cent of lactose excreted as 
galactose for the two period>s (an average of 1.9 per cent when whole milk 
w^as fed and 1.7 per cent for tlie period when skim milk w’^as fed). 
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Another ealf 2 months of age that had been receiving hay and grain and 
subsequently was fed only skim milk for 4 weeks did not show any increase 
ill sugar excretion when the latter feeding regimen was used. 

Several fecal samples were collected to determine whether the lactose 
was being absorbed effect ively^ particularly by calves that were scouring. 
No appreciable quantities of reducing substances were detected in these 
samples; therefore, it appears that the calves were assimilating the ingested 
sugar efficiently. 

Ill later phases of the work, after two of the calves had been fed skim 
milk for 42 days, the lactose content of their ration Avas doubled by the 
addition of lactose to the skim milk in order to determine the effect of in-* 
creasing the percentage of lactose ingested on its utilization by the calf. The 
results obtained with these calves are shown in table 3. Addition of lactose 
to the milk decreased the percentage of sugar utilized by the animal. One 
of tJie calves excreted approximately 16 per cent of the ingested galactose. 
This figure approaches that reported by Schantz et al. (9) with skim milk 
feeding. Within a few hours after the lactose-enriehed milk was fed, both 
calves were afflicted with diarrhea. This symptom has been observed in 
rats receiving liigh-lactose diets (2, 4). Additional work on the effect of 
feeding equivalent amounts of other earbohydrates would be valuable in 
order to determine whether the rise in sugar excretion occurs only with the 
ingestion of lactose. 

Otlier observations on the perforinanee of the calves fed whole milk or 
skim milk diets were of interest. Calves fed the skim milk diets made slower 
gains, undoubtedly due largely to the reduced calorie intake. Cases of 
scours occurred in calves fed skim milk as well as those fed whole milk; 
howwer, with the latter, a milder form was encountered. Most eases of 
Seoul's responded satisfactorily to treatment with sulfagiianidine. 

Tlie data obtained in tliese experiments show that the young ealf up to 
3 months of age does not excrete appreciable quantities of galactose in the 
urine when receiving either whole milk or skim milk diets. Apparently the 
ahseiiee of fat in the diet does not interfere with the utilization of milk sugar 
by the young calf. 

The work witli tlie rat has been conducted wnth older animals, and no 
observations are available on the ability of suckling rats to utilize lactose 
when fed skim milk diets. Present results with calves suggest that the very 
young animal, being adapted to the milk diet, utilizes lactose efficiently. 
Further studies are needed to determine the difference, if any, between the 
very young and the older bovine in the utilization of lactose, 

vSLTMMARY 

1. The effect of feeding whole milk or modified milk diets to dairy calves 
on the amount of sugar excreted in the urine was determined. Equipment 
was designed for quantitative urine collection. 
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2. Calves fed whole milk or skim milk for periods up to 42 days utilized 
the dietary lactose^ very effectively. No difference was observed in the 
galactose excretions for the two groups. The amount excreted, measured as 
galactose, ranged from 1.1. to 3.4 per cent of the total lactose ingested. 

3. When the lactose content of the milk was doubled, the result was an 
increase in urinary galactose equivalent to 8 per cent of the lactose ingested. 
The galactosuria was a ecom])aii led by diarrliea and iinthriftiness of the 
animals. 

The authors are indebted to Dr. F. W. Hill, Western Condensing Com- 
pany, Appleton, Wisconsin, for supplying some of the lactose used in tliis 
study ; to Mead, Johnson and Co. for supply ing the vitamin D eoneentrate; 
and P. E. Booth Company for supplying some of the vitamin A eoneentrate 
used in this study. Mr. P. AV. Taylor assisted with the care of the aiiinials 
as part of a collaborative researdi program on the utilization of vitamin A 
and carotene by calves fed wliole milk or iiiodified milk diets. 
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THE RELATIONSHIP OP MAMMARY DEVELOPMENT 
AND BODY WEIGHT^ 

J. E. SCHABINGEE and 0. B. KNODT 

Vepartment of Dairy FemisyU^ College 

A metliocl of selecting daily cah^es on the basis of mammary develop- 
ment 1ms been presented by Swett and Matthews (1). The extent of the 
maxninaiy development of the heifer calf at 3 to 4 months of age has been 
demonstrated to be in direct relationship YYith the heifer ’s later productive 
ability (1), 

This report cleals AYith a study of the relationship of the mammary 
, development to the body weight of Holstein and Guernsey heifer ealves at 
3 and 6 months of age. 

EXFEEIMSNTAL PROCEDtJEE ■ . 

Nineteen heifer calves (10 Holsteins and 9 Guernseys) were fed six 
grain rations which ’resulted in various rates of body growth. The original 
study involved an investigation into the possibilities of utilizing distillers 
dried solubles and distillers dried solubles with grains in the rations of 
dairy calves. While there were no statistically significant 
the rates of growth of the several groups of ealves^ considerable variations 
existed in this respect between ealves Avithin the groups. The maminaiy 
development of all lieifer cahms was measured by the teclmic|ue set forth 
by SAvett and Matthews (1) at 3 and 6 months of age. Body Aveiglits Avere 
determined at the same ages. 

Measurements were made of the Avidtli and length of each quarter at 
3 months of age. Since the udders were in the half stage when the calves 
Avere 6 months of age, only the length of each half and the Avidth of each 
quarter were measured at this age. 

, The mean width of the mammary tissue of the four quarters Avas corre- 
lated with body AA^eight at 3 and 6 months. The mean length of the mam- 
mary tissue of the four quarters Avas correlated with body weight at 3 
months. However, at 6 months it was necessary to use the mean length of 

Bceeived for publication August 13, 1947. 

1 Authorized for publication on August 8, 1947, as Paper no. 1385 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. 
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TABLE 1 

Summary of udder measiiremenis of Solsiein calves at S. months of age 


Calf 

no. 

Av. widtli 
i of quarters 

Body 

weight 

A V. length 
of quarters 

Gain in 
body weight 


(mm.) 

(W.) 

(mm.) 

(lb.) 

285 

20.25 

194 

20.75 

94 

170 

15.25 1 

176 ! 

17.25 

83 

270 

1 ,17.75' 1 

171 

22.75 

73 

186 

1 ' 16.25 1 

165 

16.25 

80 

207 

16.50 

163 

14.75 

65 

176 1 

M.25 ; 

155 

15.25 

71 

187 1 

14.25 

153 

15.00 

68 

231 

11.75 

144 

12.75 

56 

205 

15.75 

139 

■ 15;50 

61 

212 

11.50 

• 123 

10,50 

46 


the mamillary tissue of the two halves because the udder development had 
reached the half -stage. Similar eorrelations also were made with gain in 
body Aveiglit from 8 days to B and to 6 months. 

EXPERIMENTAL RESULTS 

The udder measurements and body weights of the ten Holstein ealyes 
at 3 months of age are summarized in table 1. These data are presented 
ill order of body weights. The eorrelation eoeffieient between the average 
ividth of the quarters and body "weight was 0,844“^^.“ A eorrelation eoeffl- 
eient of + 0,821^'^ was determined for the average length of quarters and 
body 'weight for these same ten calves. In table 2 are the data for nine 
Guernsey calves. A eorrelation coefficient of + 0.909*^^ was found for body 
weight and the average width of the quarters. Eor the average length of 
the quarters and bod3^ weight a correlation coefficient of +0.917^‘^ ivas 

TABLE 2 


Summary of udder measurements of Guernsey calves at 3 months of age 


Calf 

no. 

Av. width 
of quarters 

Body 

weight 

Av. length 
of quarters 

G ain in 
body weight 


(mm.) 

(lb.) 

(mm.) 

(lb.) 

200 ! 

24.25 

191 

27.00 

99 

199 

19.5 

ISS 

23.5 

03 

169 

12.5 

133 ! 

12.75 

53 

227 

10.25 

131 i 

14.25 

52 

1{58 

13.00 

128 

11.25 

52 

226 

8.5 

117 

9.5 

42 

153 

7.75 

109 

10.5 I 

46 

181 

13.75 

1 107 

14.5 ■ 

55 

178 

6.75 

98 

; ............a 1 

34 


^ Tlie glandular tissue was too small to measure accurately. 


2 * zz significant. 

, ** = higMy significant. 
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TABLE 3 

Summary of udder ■measurements of Holstein calves at 6 ‘months of age 


Calf 

no.. 


207 
270 
186 
187 
231 
205 
2S5 
170 
176 
220 
9 3 9 


Ay. width 
of quarters 


(7nm.) 

46.5 

45.25 

41.25 

31.5 

45.75 

47.5 

41.5 

40.5 

33.75 

51.5 

41.5 


Body 

weight 


(lb.) 

396 

378 

371 

349 

340 

337 

,3o4 

333 

319 

309 

273 


Av. length 
of halves 


(mm.) 

77.0 ^ 

82.0 

53.0 

67.0 

70.0 

93.0 

69.5 

73.5 

70.5 

75.0 

86.5 


Gain in 
body weight 


(lb.) 

298 

280 

286 

264 

252 

259 

234 
240 

235 
210 
196 


found. The correlation eoeffieients were statistically sigiiifieaut for both 
length and width of the glandular tissue for the Holstein and Guernsey 
calves.' 

The summary of udder measurements and body weights for 11 Holstein 
calves at 6 months of age is presented in Hable 3. The eoiTelation coeffi- 
cient for the average width of the glandular ti.Hsue and body weight was 
fouxid to be + 0.0886 and -0,29 for the average length of the half stage of 
the udder and body weight. When tested statistically neither of th 
cmuTlation coefffeients was significant 

The summary of the measurements for eight Guernsey calves at 6 months 
of age is presented in table 4. The correlatioii eoeffieient for the average 
width of each quarter with body weight was +0.444. However, this eoeffi 
eient was not significant. The average length of the half stage of the udder 
and the body weight had a correlation eoeffieient of + 0.834"^. A i value o 
3.707 was necessary to be highly significant with six degrees of freedom. 
A value of 3.701 was obtained -when the value was determined. Thus 
length of the udder and body weight w^ere significantly related. 

. ..TABLE 4 

Summary of udder measureme^itk of Guernsey calves at iJ mojiths of age 


Galf 

no. 

Av, width 
of quarters 

Body 

wx+ght 

Av. length 
of halves 


(mm.) 

m : 

(mm.) 

200 

41.5 

357 

95.0 

226 

63.5 

293 

89.0 

227 

36.0 

286 

73.0 

153 

31.75 

281 

63.5 

158 . . .■ 

31.0 

275 

60.5 

169 1 

37.25 

274 

64.0 

178 

31.25 

272 

72.0 

181 

32.75 

266 

58.5 


(rnirii 


207 

199 

194 

203 
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Mammary development was correlated with rate of growth as deter- 
mined by gain in body weight from 8 days to 3 months of age. A coefficient 
of + 0.812’’^^ and + 0.7707^* wms found for width and length, respectively, 
for the Holstein calves. Also, with the Guernsey calves, a correlation 
coefficient of -h 0.9659^'^ was calculated for width and +0,9756*^ for length 
of the secretive tissue, and gain in body weight. 

No significant relationship was showm to exist between gain in body 
weight from 8 days to 6 months and udder develoxjment at 6 months of age. 
Correlation coefficients of -0.006 for width and -0.2676 for length of mam- 
mary secretive tissue were determined with the Holstein calves, wdiile cor- 
relation coefficients of +0.345 (width) and +0.2386 (length) \vere deter- 
mined wdth the Guernsey calves. 

SUMMARY 

Nineteen calves of the Holstein and Guernsey breeds were used to deter- 
mine the relationship of mammary development to body wdght. A highly 
.significant statistical relationship -was found to exist betw-een the develop- 
ment of the mammary secretive tissue and body weight of both the Holstein 
and Guernsey heifer calves at 3 months of age. Highly significant corre- 
lations also were found betw-een mammary tissue development and gains 
in body \veiglit from 8 days to 3 months of age of the heifer calves of both 
breeds. 

The lengths of the secretive tissues of Guernsey calves w^ere related sig- 
nificantly to body weight at 6 months of age; howwer, there was no corre- 
lation in this respect with the Holstein calves at this age. There was no 
significant correlation between the width of the mammaxy secretive tissue 
and body weight of either breed at 6 months of age. No significant correla- 
tion was found betw^een the gains in body weight from 8 days to 6 months 
and mammary development of either breed. 

KEPEEENCE 

(1) SWETT, W. W., AND Matthews, 0. A, Dairy Cow's Udder Studied to Establish 
Development Standards. Yearbook of Agriculture. Pp. 175-lSl. 1034. 


PEEMANENCY OF SYNTHETIC ASCOPtBIC 
ACID ADDED TO MILK" 


ABTHUB D. HOLMES and CAKLETON P. JONES 
Massaaliv setts .Agricultural Experiment Station^ Amherst 

Hand (3) and others have shown that the reduced ascorbic acid content 
of raWj commercial cowl's milk decreases rapidly during the first w-eek after 
it is drawn from the co^v. In his study, tlie average ascorbic acid value for 
12 samples of milk was 19 mg. per L at the beginning of storage at 1° G. and 
7 mg. per 1. 6 days later. Thus about 63 per cent of tlie original reduced 
ascorbic acid had disappeared from the milk during a B-day storage period. 
Subsequently, Holmes and Jones (5) deterinined the loss of reduced ascorbic 
acid in raare^s milk. They found tliat the rate of disappearance of ascorbic 
acid from mare^s milk was only about one-seventh that reported by Hand 
for eow^s milk. Since the composition of eow-^s milk and mare’s milk is dis- 
similar in various respects, it is possible that a numl)er of factors may in- 
fliienee the rate of loss of reduced ascorbic acid from the tw^o types of milk. 
One obvioirs difference in composition is the amount of reduced ascorbic acid 
in the original milk. Hand reported that his samples of cow’s milk con- 
tained from 14.8 to 22.8 mg. of ascorbic acid per L, wdiereas Holmes and 
Jones used samples of mare’s milk that contained from 86 to 161 mg. of 
ascorbic acid per 1. Accordingly, it was decided to determine the rate of 
loss of I'educed ascorbic acid from cow’s milk to wkich a sufficient amount 
of synthetic ascorbic acid had been added so that the ascorbic acid content 
of the milk approximated that of the mare’s milk referred to above. 

EXPERIMENTAL PROCEDURE 

Since the stability of reduced ascorbic acid had been determined for *ra^v 
mare’s milk, raw cow’s milk was used in this study. T-wo series of 20 sam- 
ples each \vere prepared by adding 75 mg. or 150 mg. of synthetic aseorhie 
acid to a liter of milk. After the ascorbic acid Avas added, the milk whs 
shaken thoroughly. One sample each of milk containing 75 mg. and 150 
mg. of added ascorbic acid per 1. Avas pi*epared per day. The enriched milk 
AA^'as placed in 500-ec. flasks and stored in the dark at C. YHien the 
samples Avere prepared, tlie flasks Avere completebA^ filled, but as aliquots Avere 
taken day by day for assay, the volume of milk decreased and the volume of 
atmosphere increased coiTespondingly. These conditions Avere the same as 
for the study of the stability of ascorbic acid in mare’s milk and they A?ere 
similar to the conditions in the average household Avhere milk is stored in 
Beeeived for publication September 10, 3947. ^ . 

1 Contribution no. 636 of the Massachusetts Agricultural Experiment Station. 
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the refrigerator and at irregular intervals variable amounts arc leuioved 
from the milk bottles. 

The storage period was 10 days and ouly one sample of each series was 
placed in storage at a time. The amount of reduced ascorbic acid in all 
cases was determined by the method described by Holmes and Jones (5), 
and bentonite w^as used for clarification. 

RESULTS and DISCUSSION 

The average values for the ascorbic acid assays of the two series of 
samples are reported in figure 1. The samples of the original milk before 



DAYS 

Eio. 1. Rate of loss of synthetic ascorbic acid from cow's milk. 

the addition of the synthetic ascorbic acid contained, on an average, 9.5 
mg. of reduced ascorbic acid per 1. This value is in agreement with 7.5-l).2 
mg. per i. reported by Christen and Virasoro (1), 10.8 mg. per 1. by 
Lojander (9), and 12.2 mg. per 1. by Mosonyi and PohSnyi (10). Howwev, 
these values for the ascorbic acid content of raw cow^s miik definitely are 
less than those usually reported for milk— 16.4 mg. per 1, reported by 
Holmes et al, (7), 17.1 mg. per L by Stewart and Sharp (12), 17.4 mg. per 1. 
by Woessner et aL (13), 19.7 mg. per 1. by Holmes et ah (6) and 22.2 mg. 
per L by Sharp et al. (11). 

When the two series of samples of ascorbic acid-enriched milk were 
placed in storage, their average reduced ascorbic acid contents were 83.0 mg. 


ASCORBIC ACID IN MILK 


101 


and 157.5 mg. per L, respectively. Thus, losses of about 1,7 per cent and 
1.2 per cent, respectively, occurred while the milk was being enriched and 
prepared for study. At this time the milk was exposed to laboratory tem- 
perature and full daylight but not to sunshine. 

During the first 3 or 4 days of storage, reduced ascorbic acid was lost 
more rapidly and more consistently than during the remainder of the ex- 
perimental period. For the series of samples of milk to which 75 mg, per 1. 
of ascorbic acid was added, the loss of ascorbic acid ^vas 34 per cent during 
the first 3 days or 11 per cent per day, and 33 per cent during the remain- 
ing 7 days or 5 per cent per day, with an average loss of 7 per cent per day 
f or the entire period. For the series of samples of milk to w^hich 150 mg. of 
ascorbic acid was added per L, the loss was 24 per cent for the first 4 days 
or 6 per cent per da}^, and 5 per cent for the next 6 days or 1 per cent per 
day, wuth an average loss of 3 per cent per day for the 10 days the milk 
%vas in storage. These losses are decidedly less than those reported by 
Gunsalus and Hand (2), who noted a reduction of reduced ascorbic acid 
of from 14.9 mg. to 1.7 mg. per 1. or an average loss of 14.7 per cent per day 
duiung 6 days’ .storage of raw cow’s milk. Hand (3) observed a loss of 
from 19.0 mg. to 7.1 ing. per 1. of milk stored 6 days at C., averaging 
over 10 per cent per day. Kothavalla and CHll (8) reported a loss of 26 
per cent of ascorbic acid froiu eow^^s milk (Indian) stored at 45"^ F., or an 
average of over 8 per cent per day. Thus it appears from the data assem- 
bled here that when considerable amonnts of synthetic ascorbic acid are 
added to raw cow’s milk, the percentge of loss of ascorbic acid during stor- 
age is smaller than for the reduced ascorbic acid natmully occurring in raw 
cow’s milk. It should be noted that, except for the period while the samples 
were being prepared at room temperature and for short intervals while the 
aliquots for assay were being withdi’awm, the milk was stored in the dark 
at 10"^ 0, Gonsequently, in this study as well as in the study of the stability 
of ascorbic acid in max*e’s milk, the effect of light and elevated tempei’atures 
upon the destruction of the aseimbic acid was kept at a minimum. Holmes 
and Jones (4) have shown that these factors cause exceedingly rapid de- 
struetion of reduced ascorbic aeid in cow’s milk. Obviously the data as- 
sembled here, together wdth those reported by the cited investigators, are not 
sufficient to provide a complete understanding of the factors and conditions 
that influence the rapid destriietion of reduced ascorbic aeid occurring 
naturally in cow’s milk, or to provide means for preventing the unfortunate 
loss of this essential vitamin from one of the most valuable human foods. 

summary 

Two series of 20 samples each \vere prepared by adding 75 mg. or 150 
mg. of ascorbic acid to a liter of raw cow ’s milk. The sampleKS were stored 
in 500-cc. flasks in the dark at C. As aliquots were removed day by 
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day for analysis, the volume of milk decreased and the volume of air in the 
flasks ii^creased correspondingly. For the series of samples of milk to 
whieli 75 mg. of ascorbic acid per 1. was added, the loss was 11 per cent per 
day for the hrst 3 days and 5 per cent per day for the remaining 7 days, or 
7 per for the entire period. For the series of samples of milk 

to which 150 mg. of ascorbic acid per 1 . was added, the loss was 6 per cent 
per day for toe first i days and 1 per cent per day for the remaining 6 days, 
or an average of 3 storage. 
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SULFAMETHAZINE BLOOD AND MILK CONCENTRATIONS 

IN DAIRY COWS 

PETER H. LANGER, ROBERT L. BtlRKHART, CHARLES R. SCHROEDER, 

AND AIARK WELSHi 

Lederle Laboratories Division, American Cyanomid Comimny, 

Pearl Liver, ]^ew Torh 

Bovine mastitis continues to be of great economic importance to all 
eonceriiecl mtli the procliiction of milk. Reliable >statisties on the losses 
attributed to the infection are unavailable, but it is considered to be the most 
important disease problem of the dairy industry ( 7) , A^arious sulfonamides 
have been used in the treatment of mastitis. On the basis of present knowl- 
edge coneeriiing the action of the sulfonamides, it would appear that 
the effectiveness of a sulfonamide depends upon adequate blood levels. 
The present study was initiated to determine tlie relationship between 
blood and milk concentrations of sulfamethazine. 

^ . CAITSES OP MASTITIS 

Several species of bacteria may be associated -vvith mastitis, but Strepto- 
coccus agalaciiae has been recovered in the majority of eases. Staphylococci 
are considered to be second in importance, followed by other species of 
streptococci, coliform oi’ganisms, and corynebaeteria (12). The exact 
manner of transmission of the disease is not knowm, but the most probable 
route of infection is through the teat duct. Environmental factors, repeated 
exposure to highly infective oi’gaiiisins, and injury to the udder, or a coiii- 
biiiation of factors, all have been held responsible for spread of the disease. 

COMMONLY ITSEU THERAPEUTIC AGENTS 

Therapeutic agents have been relied upon to a great degree in the 
control of mastitis. AAliile immediate infection can be corrected, re-infection 
cannot be jirevented by these measures. However, correct herd manage- 
ment, in conjunction with good treatment procedures when disease does 
occur, will maintain a productive herd. 

In vitro and in vivo studies have shown that sulfonamides are active 
against the streptococci, staphyloeoeci, and other species of bacteria occur- 
ring in mastitis. In tlie early days of sulfonamide therapy, sulfanilamide 
was administered by mouth in the treatment of mastitis, and it continues to be 

Received for publication October 2, 1947. 

1 Tile autliors are indebted to Mr. S. C. Griffith, of the Animal Industry Section, for 
aid in the eonduet of the program, and to Mr. B. Senn and Mr. B, W. Gorton, of the 
Analytical Section, Lederle Laboratories Division, American Oyanamid Company, for 
sulfonamide analyses. 


103 


104 PETER H. LANGER ET AK 

used by many veterinaidans. Tlie reported results (10, 14) are conflicting. 
However, subsequent experience with sulfanilamide has shown its clinical 
use to be limited by its rather narrow range of bacteriostatic activity against 
those organisms other than streptococci which are pathogenic for man and 
animals. 

It has been reported ( 3, 5, 13 ) that therapeutic agents for intramammary 
infusion, with the possible exception of pemeillin in sterile water or 
physiological saline, frequently result in varying degTees of udder irrita- 
tion, and, in some eases, cause permanent damage, as evidenced by decrease 
in milk flow and production of abnormal milk. Several investigators at- 
tempted to find an agent which would be effective in mastitis wdien 
administered parenterally, inasmuch as unsatisfactory results too frequently 
followed treatment by udder infusion. Because of the success of the thera- 
peutic use of penicillin in human streptococcic and staphylococcic infections, 
and the successful use of intramamniary infusions of penicillin in mastitis 
(1, 9, 11), w^ork was undertaken to determme the permeability of the 
bovine mammary gland to penicillin parenterally administered. >Sueh 
trials have been disappointing (2, 6, 15, 17), and it was found that penieillm 
was not present in the milk in detectable amounts or amounts sufficient to 
affect existing mastitis infection. In this Work, however, dosages of peni- 
cillin used in cows ^vere not sufficiently great, as judged by amounts needed 
to control human disease effectively. Watts and McLeod (17) reported the 
use of doses of 1,000,000 Oxford imits, with no diffusion of peniciiliii in 
the milk. Obviously, larger dosages, and the frequent administration 
necessary, generally would be economically inisound. 

Welsh et al. (18) showed that sulfamethazine, the dimethyl derivative 
of sulfadiazine, maintained the highest blood eoncentration of seven 
sulfonamides tested, over a 24-hour period on a fixed intake. It has been 
reported to be among the least toxic of the sulfonamides in therapeutic 
dosages, and its action against both Grain-negative and Gram-positive 
organisms frequently has been shown. Lately, evidence has been pre- 
sented that sulfamethazine therapy alone, or in combination with peuieilliii 
(8, 16), can correct immediate infection and keep cows in the milking string. 

EXPERIMENTAL PROCEDURE 

Four normal cows were used in these experiments. To permit correct 
comparisons, the same cows were used in all three tests, witli rest periods 
of 12 and 5 days, respectively, after each trial. Freedom from elmical 
mastitis at the time of the trial was determined on the basis of ndder 
palpation and physical appearance of the milk by strip cup test. 

The cows were maintained under conditions comparable to those of 
the average farm. Water was continuously available at automatic foun- 
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tains. Cows regularly w^ere turned out to pasture. They were milked at 
r2-hour intervals, and, at the time of the tria;l, they were producing a 
minimum of 40 lb, of milk per day. 

The dosage used throughout the experiment Avas 1.5 grains per lb. of 
body weight on the first day, and 1 grain per lb. of body weight on the 
second day. This dosage Avas administered in three Avays: (a) One daily 



Fig. 1. Fi’ee sulfametluis5ine blood and inilk eoiu?eiitnit.ioE^^ cows. 

(Drug adimmstratioii : 1st day, 1-J gr./lb. body Avciglit, snbeiitaueoualy ; 2iid day, 
3 gr./lb. body Aveiglxt, sobeixtarieously. Milked at 0 and 12 br.) 

dose of sodium sulfamethazine 25 per eent av/y sterile solution AAms injected, 
subcutaneously, into each of four coavs. (b) Sulfamethazine jicwder, in 
1-ounee capsules, aaus administered orally, once a day, to tAA^o cows, (c) 
Sodium siilfaniethazine 10 per cent AAV^" sterile solntiou was infused into 
the udders of four coavs. Half of each total daily dose was administei’ed 
immediately folloAving complete morning and eAuning milkings, and equal 
.amounts of each dose AA^ere infused into each quarter. 
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Sulfonamide analy>ses were made according to a modification (18) of 
the Bratton-Marshall method (4). Blood and milk samples were taken 
eyery hour for the first 24 hours, and at 1 hour, 4, 8, 12, 16, and 24 hours 
for the second 24 hours. Sulfamethazine determinations in milk were made 
for each period on each cow, using a composite sample from all quaiiers. 
Accurate records of milk production in pounds were kept for 9 days before 
the start of, as well as for the duration of, the experiment. 



Fig. 2 . Free sulfamethazine blood and milk concentrations in cows. 

(Drug administration: 1st day, gr./lb, body weight, orally; 2nd day, 1 gr./lb. 
body weight, orally. Milked at 0 and 12 hr.) 

RESULTS 

Average sulfamethazine blood and milk concentrations following suh^ 
cutaneous administration are shown in figure 1, High blood levels were 
attained promptly, reaching a peak at about the fourth hour. The milk 
level curve closely followed the blood level curve, indicating that the 
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coneentration in tlie milk is directly dependent on the blood concentration. 
The milk level was slightly less than half the blood level, which shows that 
an adequate mill?; level is dependent on a high blood level. 

Figure 2 shows blood and milk concentrations after oral administration. 
The levels increased more slowly, reaching a peak on the first day bet'weeii 



Day X 2 

Fig. 3. Free sulfametbaxine blood and milk eoneentrations in cows, 

(Drug adniinistration : 1st day, l-l gr./ib. body weigUt, iixtraiuamniary infusion; 
2nd day, 1 gr./lb. body weiglit, intramanimary infusion. Half of each daily dose was 
administered immediately following the complete morning and evening milkings, and 
equal amounts of each dose were infused into each quarter. Milked at 0 and 12 hr,) 

the eighth and twelfth hours and, on the second day, at about the eighth 
hour. The levels attained were not so high as after snbcutaneous adminis- 
tration, but, likewise, did not decrease so rapidly. On the second day, 
the levels attained were higher than on the first day. This would indicate 
that, with an acutely ill animal, a prompt high blood level should be attained 
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by parenteral administration and maintained thereafter by oral dosing. 
Here, too, the milk level curve closely followed the blood level curve. 

The coneentrations attained by udder infusion are shown in figure 8. 
As might be exx>ected, milk levels were extremely high after each infusion, 
rapidly decreasing from the second to the t’welftli hour. Blood levels 
averaging between 10 and 15 mg. per 100 cc. of blood were attained within 
3 hours after the first infusion, and gradually decreased to slightly more 
than 8 mg. per 100 cc. by 12 honrs; they were maintained eonsiderabl}^ 
higher after each of the next three infusions. It is evident, therefore, that 
sulfamethazine diffuses from udder to blood as w^ell as from blood to milk. 

Immediately following udder infusion, flakes were observed in the milk. 
This condition persisted for approximately 4 hours, when the milk again 
was normal in appearance. 

In the normal co'w, the decrease in milk production following adminis- 
tration of the drug by any of the routes described was not considered 
significant. The animals were being handled eontinnously during the 2- 
clay trial periods, and this, in itself, wwld affect milk flow. During the 
three trials, average milk production decreased by 14 per cent, 16.5 per 
cent, and 18.5 per cent, respectively, from the average daily production 
dnring the 9 days preceding the experiment. 

■ . V' ■ ' ' ' SUMMARY 

1. Sulfamethazine was administered to cows parenterally, orally, and 
by infusion, and blood and milk determinations were made at frequent 
intervals after administration. 

2. Sulfamethazine diffuses freely from blood to milk and from udder 
to blood. 

3. Coneentrations of 5 mg. or more of the drug per 100 ce. of milk 
throughout the day depend upon a pei^sistently high coneentration (more 
than 10 mg. per 100 ee.) of the drug in the blood, 

4. All three methods of administration resulted in the attainment of 
blood and milk eoncenti’ations considered to be bacteriostatically effective. 

5. No evidences of systemic toxicity of the drug were noted. 

6. In this experiment, it has been shown that levels above 5 mg. per 
100 ec. of milk can be achieved after oral or parenteral administration of 
the drug given once a day. 
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THE UTILIZATION OP /^J-CAEOTBNE, VITAMIN A ALCOHOL, 
AND THE NATURAL ESTER OP VITAMIN A BY 
HOLSTEIN HEIPERS^-^-^' 

B. H. BOSS, 4 C. B. KNODT, and H. B. GUEBBANT 

Departments of Dairy Dnsbandry and Agricultural and Biological Chemistry ^ 
Ben7isylva7iia A griciiUui^al Ba^perment Sidtioni State College 

Vitamin A is believed to be absorbed from the digestive tract in the 
alcohol form (1) . The question has arisen as to whether vitamin A is most 
efficiently utilized Avheii ingested as the aleohol form, as the natural esters 
of vitamin A or as y^-carotene. A study was conducted to determine the rela- 
tive efficiency of utilization of ^-carotene, vitamin A aleoho], and the natural 
ester of vitamin A. 

EXPERIMENTAIi PHOOEDITRE 

Six Holstein heifers between the ages of 12 and 15 moiitlis were placed 
on a low-carotmie ration consisting of oat straw fed ad Uhiiiim and 10 lb. of 
a concentrate mixture low in carotene. The aninuds were maintained on this 
ration until the blood phisnui vitaniin A deere to 6-8 y per 100 mb of 
blood plasma. They then were grouped into three pair's based upon age, 
body weight, and blood plasma vitamin ^ A The three pairs 

of animals then received in rota each of the tliree sources of vitamin A 
for a period of 20 days at the rate of 100 USP iinils of vitamin A per hg. of 
body weight per day. After the first and second feeding periods, the ani- 
mals again wei-e depleted to 6~8 y of vitamin A per 100 ml. of blood plasma 
before starting the subsequent supplementary feeding. Thus, after three 
f eediiag periods of 20 days each, all six animals had received the three forms 
of vitamin A. In all mstaiiees the vitamin A >supplement was administered 
daily in capsules during the feeding periods. 

Blood sainjfies w^ere taken at vveekly hitervals during the depletion 
peiiods and daily diiiung the fending periods, except in the last lialf of the 
' first 20-day test period ; diiring this time, tliey were taken every other day. 
Blood plasma carotene and vitamin A ware determined using the methods 
of Moore (3) and Kimble (2), respectively, while using an Evelyn photo- 
electi’ic eolorimetei". 

Body weiglits were determined twice a month during the depletion 
periods and every 3 days during the feeding periods. 

Beceived for publication .October 9, 1947. 

1 Authorized for publication on October 2, 1947, as Paper no. 1395 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. 

2 The data contained in this paper are from a thesis submitted by the senior author 
to the Graduate School of The Pennsylvania State College in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy, 1947. 

3 This work was supported in part by The Borden Company, ]S[ew York, N. Y. 
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Fed at the rate of 100 USP units jier kilo of body weight per day. 
Expressed as y of carotene per 100 ml. 

No analyses made on first trial on these days. 
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RESULTS 

Vitamin A values of 6 to 8 y per 100 ml. of blood plasma appeared to be 
tlie critical level for these animals. When tlie coneoiitration of vitamin A 
approached this level, the test animals stopped g'aining in body weight. 
However, the animals usually resumed growth after about 10 days of sup- 
pleinental feeding. The average time required to deplete the animals was 
105 days following winter feeding, 24 days between the first and second 
feeding periods, and 30 days between the second and third feeding periods. 

The data obtained relative to the analyses for vitamin A and earorene 
on the several trials are presented in tables 1 and 2. 

In evaluating the blood plasma vitamin A data for the three supple- 
mentary treatments by an analysis of variance (table 3), a liighly significant 

TABLE 3 


Analysis of ‘variance of Mood plasma vifamin J. data 


Soiiree of variation 

Begrees of 
freedom 

Bums of 
squares 

menu square 

Total 

17 $ . 

■ cTt " ■ 

■ ’ a ■ 1 

: ' 2201 ■ 


Treatments 

. vA . :.593A' 

2t>r..50» 

Individuals ; 

5 '-^' : 

393 

' 7S.(KB;r 

Bays ■ 

9 y; ;- ; ; 

189 

21.0011 

Interactions: 




Treatments x individuals 

10 

242- 

24.20« 

Bays X individuals 

45 


3.04 

Bays X treatments 

18 

134 

7.44 

Sam^iling error 

90 

573 

6.37 


a Signiiieant at the 1% level, 

^ Approached sigiiilicance at the u% level. 


difference W'US found between the treatments and bet-ween days of supplemen- 
tation. The difference between heifers approached significance. On tlie 
basis of the least significant mean difference, it was determined that tliere 
was no significant difference in the blood plasma vitamin A eoncentrations 
of the heifers during administration of vitamin A alcoliol or the natural 
esters of vitamin A. Both, however, produced a higher level (highly signifi- 
cant) of blood plasma vitamin A than did ^-carotene. The following mean 
concentrations of blood plasma vitamin A (y per 100 ml.) w-ere found during 
the, feeding periods ; ^-carotene feeding 6.95, vitamin A alcohol feeding = 
10.77, and the natural ester of vitamin A feeding == 10.83. The least signifi- 
cant mean difference at the 1 per cent level was “2.85, 

111 an analysis of variance of the determinations of blood plasma carotene 
of the heifers for the three treatments (table 4), a highly significant differ- 
ence was found between treatments and between days on snpxfiementatioii, 
but no significant difference was found between heifers. The following mean 
concentrations of blood plasma carotene (y per 100 ml.) were determined 
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TABLE 4 


Analysis of narianee of hlood plasma earotene data 


Source of variation 

Begrees of 
freedom 

Sums of 
squares 

Mean square 


179 

54,826 

18,607 


Treatments 

2 ■ 

: 9,303.50a 

Individuals 

5 

13,997 ! 

2,799,40 

Bays 

9 

1,909 

212.11a 

Interactions : 

Treatments X individuals ... 

10 

10,837 

1 l,OS3.70a 

Bavs X indi%ddnais 

45 

839 

18.64 

Bays X treatments 

18 

6,089 

33S.2Si^ 

Sampling error 

90 

, 2^548, 

28.31 


‘‘i Significant at tlie 1% level. 


during tlie feeding periods : /3-earotene administration = 67.42, vitamin A 
alcohol administration = 4;].57, and the natural ester of vitamin A =49.28. 
The least significant mean difference at tlie 1 per cent level was 19.05. On 
this basis it was, found that the feeding of /?-caroteue inei-eased the blood 
plasma carotene concentration above (highly significant) that of the heifers 
rpc<*iviug vitamin A. There was no significant difference in the blood plasma 
carotene concentrations when vitamin A alcohol or the natural ester of vita- 
min A was fed. 

Linear regression lines were calculated for blood plasma vitamin A 
(Fig. 1) and earotene (Fig. 2) concentrations during the feeding periods. 
The regression equation for Hood plasma vitamin A concentration when j8- 
caroteue was fed was E = 7.422 - 0.0692 A ± 0.0442 (not significant) ; when 
the natural ester of vitamin A was fed, E = 9.403 + 0.1412 X ± 0.0384 



Pays of administration 

Tlie effect of tlie source of vitamin A upon blood plasma vitamin^A levels. 


PiCx. 1. 
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Day? of A<3niTiistrat j on 

Fig. 2. The e:Keet of the source of vitamin A upon blood plasma carotene levels. 


0.1721. Therefore, feeding* /^-carotene increased the blood plasma cai’otene 
concentration significantJy, but, when either of the two forms of vitamin A 
was fed, the blood plasma carotene concentration decreased slightly. This 
decrease, however, was not statistically significant. 


CONCLUSIONS 

1. The critical blood plasma vitamin A concentration was found to be 
6 to 8 y per 100 ml. blood plasma for Holstein heifers when gains in body 
weight were used as the criterion. 

2. There was no significant differeiice in the efficiency of utilization of 
vitamin A alcohol and the natural esters of vitamin A by Holstein heifers 
when the blood plasma concentration of vitamin A was used as a criterion. 
However, both forms of vitamin A were utilized more efficiently than /?- 
carotene. 


significant) ; and when the vitamin A alcohol was fed, E == 9.61 - 
0.1150 Z ±: 0.0533 (significant). Therefore, there was a significant increase 
ill blood plasma vitamin A concentration when vitamin A alcohol or tlie 
natural esters of vitamin A w^ere fed, and there was a slight decrease when 
^-carotene was fed. This decrease, however, -was not significant, 

Kegressioii equations for blood plasma carotene concentrations are as 
: when j8-earotene was fed, E = 48.70 + 1.8325 X ±; 0.2186 (highly 
significant) ; when the natural ester of vitamin A was fed, E = 51.62 - 
Z ± 0.2211; and when vitamin A alcohol was fed, E = 46.45 - 0.3313 Z 
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^-Carotene b" 1.8325 1 0.2186 
Vitamin A alcohol b - -0*3313 i O.172I 
Natural eater of vitamin A b • -O.2934 i 0.7211 
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• VITAMIN A UTIUZATION ^ ‘ 
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LIVEA¥EIGHT AND MILK--ENBRGY YIELD AT VARIOUS 
FEEDING INTENSITIES^ 

S. D. MUSeBAYEs and W. L. GAINES 
University of Illinois^ Urhana 

The data used in the present paper are extracted from the records of the 
Input-Output experiment conducted by the United States Bureau of Dairy 
Industry in cooperation with the Agricultural Experiment Stations of Dela- 
warcj Marjdand, Mississippi, New York (Geneva), Pennsylvania, South Da- 
kota, Indiana, Michigan, New Jersey, and Virginia. In the last four of 
these Stations, pasture was used, thereby upsetting the determination of 
digestible nutrients (D.N.) intake. A primary objective in the use made of 
the Bureau data at the Illinois Station is to allocate D.N. intake between 
maintenance and lactation by the procedure of fitting a suitable equation, 
for which purpose only the first six of the above-mentioned stations provide 
adequate data. Pursuit of the primary objective has provided, somewhat 
incidentally, valuable material on the relation between liveweight and milk- 
energy yield, which is re|)orted in the present paper, 

V' A detailed account of the Input-Output investigation has been published 
by Jensen ef aL (2). 

PEOCEDUEE ■ 

The first 35 full calendar weeks of each lactation are used in the present 
study. Lactations which do not provide such a period are not used. That 
is, the present paper deals with partial lactations, starting ’within 9 days 
after calving (the first 2 days after calving being rejected in the original 
records) and continuing through the following 35 cal endar weeks. The 
records provide a total of 255 siich partial lactations. 

Each 35-'week partial lactation is extracted in seven subperiods of 5 weeks 
each, and the sum of seven subperiods represents the S5-week partial lacta- 
tion. For each lactation the following Items, among others, are calculated : 

D.V. = digestible iiiitrient intake for 35-week period, Ib./day 

FCi¥s = ■milk-energy yield for 35-week pe;riod, lb. 4 per cent milk/day 
TV = average liveweight for 35- week period, lb. 

TVi = average liveweight for first 5-week subperiod, lb. 

Ayrshire, Brown Swiss, Guernsey, Holstein and Jersey breeds are repre- 

Eeceived for publication October 20, 3,947. 

1 The authors are bulebted to 0. E. Beed, Chief of the Bureau of Dairy Industry, for 
administrative approval of the present use of the records of the Input-Output investiga- 
tion; also, to T. E. Woodward, Bureau of Dairy Industry, for painstaking care in pro- 
viding photostatie copies of the weekly records maintained by the Bureau in conduct of 
the original investigation. 

Now at Cornell Dniversity, Ithaca, Ne-w York. 
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sented in the present mateidai (table 1). Perhaps the cows represent a cross 
section of dairy cows in American Experiment Stations. 

eesudts 

Feeding intensity. Feeding intensity is calculated as (D.N. - O.OOBTT ) 
/FCM^, ie., IK D.N. for lactation per lb. FCM, allowing 8 lb. D.N. per day 
per 1,000 lb. liveweight for maintenance, in accord with the Haecker stand- 
ard. The data are divided into feeding intensity classes as indicated in 
table 2. These classes are based on the actual rather than the intended feed 
intake. Consequently, the classes do not correspond strictly with the classes 
used by Jensen ei al (2), and there is the further important difference that 
the present analysis is based on a 35-week partial lactation, in contrast to a 
calendar-year record regardless of lactation status. 

TABLE 1 

The number of lacMtions md mmii valne!^ 


Breed 

y n ' 

% Haecker 

% Grain« 


3000 FCM,jir, 

Ayrshire | 

29 

120 

35 

1035 

■ ' , ■ 25,7 . 

BroTO Swiss .... ... j 

35 

107 ■ ■ 

52 

1228 

1 31,8 . .X 

Guernsey 

21 

114 1 

31 1 

908 

' ' 24.0 

Holstein 

104 

114 i 

46 

1204 

31.1 

Jersey 

76 

123 

45 

844 

31.0 


a Per cent of digestible nutrient intake supplied by coneeiitrates. 


Liveweight and yield. It previously has been proposed that cows possess 
a certain inherent tendency to produce milk under conditions of the eom- 
mercial dairy, a lactational drive which may be quantitatively measured as 
FCMs/Wr The immediate purpose of the present study is to see how 
FCMs/Wi is affected by feeding intensity. 

In the light of previous work the postulate is advanced that FOillg/Wi 
fluctuates, as between cows, independently of Wv A i)roper test of this 
postulate is to fit, by least squares, the equation, FCMg/Wx hW^ and 
find the value oh h and its Standard error. For the 255 lactations as a body, 
as shown in the last line and last column of table 2, h is even smaller than its 
standard error. Such a value of i readily could arise b}^ chance if its true 
value is zero. Hence, the postulate is valid so far as this particular body of 
observations indicates. 

By a similar equational procedure the value of h (in terms of 100,000 
FCMs/W^) within feeding intensity class works out to be 0.21 ±0.23 or 
essentially the same result as that in total,® 

If it is desired to use the power equation FCM^ = the exponent h is 
0.92 in total and 0.93 within feeding-intensity class. The exponent is de- 
rived from the means and linear regression. For example, in total, the ex- 
3 In similar manner; within Station, h =- 0,109 ±0.036; within breed, 0.100 
± 0.039 ; within times milked daily (2 or 3 ) , h = 0.061 ± 0,024. 
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ponent = 1 + (- 0.22 x 1063/3000) == 1 “ 0.08 == 0.92. This is a valid approxi- 
mation for the present inateriaL 

While the above procedure indicates no difference in total and within 
feeding-intensity class, it does not necessarily follow that feeding intensity 
is without influence on the relation of liveweight to milk-energy yield. Table 
2 shows the weight-yield relation for each of the six classes separately. None 
of the h 's is significant except the one for the 16 lactations of class 6. The 
Wi distribution in class 6 is erratic and apparently the cows were more 
ravenous than representative. 

A noteworthy feature is the rather consistent decrease in 1) as feeding 
intensity increases. The powez’-equation & shows this clearly. The data 
seem to suggest that FGMs tends to be proportional to Wi under customary 
feeding intensity (100 per cent or 114 per cent of Haecker standard for the 
lactation fraction) . W i appears still more influential on FOMs for under- 
feeding, which may trace back to the influence of fatness at calving. 

DISCUSSION 

'The average of 255 35-week partial lactations (table 2) is 30.0 lb. of 4 per 
cent milk per day per 1,000 lb. Wi, Davis et al. (1) report for the Nebraska 
Station dairy herd average values for 1000 FGMs/W i of 33.3 for 131 Ayr- 
shire lactations, of 30.6 for 77 Guernsey lactations, of 39.1 for 367 Holstein 
lactations and of 34.5 for 171 Jersey lactations. Feeding intensity for the 
Nebraska data is not recorded but no doubt is above 100 per cent Haecker 
for all lactations. Control of feeding intensity w^as a major point in the . 
Input-Output experiment. It is presumed this control does not bias the 
results as between breeds. 

SUMMARY. ... . 

The relation of liveweight in pounds within 5 weeks after calving, TFi, to 
milk-energy yield for the 35-week partial lactation in pounds of 4 per cent 
milk per day, FGMs, is investigated by adjusting the equation, FGMs/Wi 

+ hWt, to observations from the Input-Output experiment of the Bureau 
of Dairy Industry. For all lactations (255), h is not significantly different 
from zero. The postulate that FGMs, tends to be proportional to is valid 
so far as indicated by this body of observations on five breeds of dairy cows 
taken as a whole. Essentially the same relation holds for each feeding-in- 
tensity class (83 to 183 per cent of Haecker). However, as between feeding- 
intensity classes, there is a consistent tendency for h to decrease as feeding 
intensity increases. The consistency of this tendency may give it some 
meaning. 
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THE CHEMICAL COMPOSITION OF THE CRYSTALLINE 
DEPOSIT IN EVAPORATED MILK 

EI)eAE E. DEYSHEE and B. H. WEBB 
Bureau of Dairy Industry, AgriGidtuTal Besearch Administration, 

V. S, Department of AgrirndUire 

A white, ciystalline deposit occasionally forms in evaporated milk during 
storage. It is found chiefly on the interior can surfaces but as the crystals 
increase in size and -weight, agitation of the contents of the can gradually 
causes them to settle. The deposit does not appear in some samples of milk 
and, even when it is present, it remains unnoticed by most consumers. While 
the crystals are not harmful, they are at times a source of annoyance, espe- 
cially in infant feeding when they obstruct the holes in nipples. Occasion- 
ally the crystal aggregates are mistaken for foreign particles. 

The deposit cannot be redissolved in the milk after it lias formed. The 
particles themselves vary finm microscopic size to crystal aggi^egates §-inch 
in diameter. They are dense and hard and should not be confused with the 
insoluble protein deposit which sometimes is found in evaporated milk. 

Sato was the first to investigate the salt crystals of concentrated milk. 
On the basis of his determinations of calcium, magnesium, and phosphorus 
in salt crystals found in sweetened condensed milk (9, 11), be reported 
calcium citrate to be the chief constituent of these crystals. Only qualita- 
tive determinations for citrates were reported. Crystals of tyrosin, leiicin, 
and cysteine also were found. Later Sato (10) reported on the examination 
of the sediment obtained from one 2-year-old can of evaporated milk. A 
quantitative analysis of this deposit was stated to show that it contained tri- 
calcium and trimagnesium phosphates and tricalcium citrate. The quanti- 
tative data and the relative proportions of these salts in the evaporated milk 
were not given. . , 

Mojonnier and Troy (7) condensed unheated skim milk over sulfuric 
acid to one-third its volume, stored it at 85® P. for 3 months, and then found 
a considerable quantity of calcium citrate had cr^^’stallized in the milk. 

While this manuscript was in preparation, Gould and Leininger (3) pub- 
lished the results of quantitative determinations made in duplicate on a com- 
posite sample of crystals separated from evaporated milk. They found that 
the crystals were largely composed of calcium citrate. 

This study of the crystalline deposit that forms in evaporated milk was 
conducted to determine quantitatively the composition of the crystals and 
to define the conditions that favor and retard their formation. This paper 
is concerned with quantitative determinations. 

Eeeeived for publication October 27, 1947. 

123 


124 


EDGAR F. DEYSHER and B. H. WEBB 
EXPERIMENTAL PROCEDURE 

Crystals were obtained from several hundred cans of commercial evapo- 
rated milk. The sediment from each can was washed with 25 per cent 
alcohol, thoroughly agitated, and decanted a number of times until the wash 
alcohol showed no turbidity. The crystals then were assumed to be reason- 
ably free from f oreign matter. They were air dried at room temperature, 
ground in a mortar, redried at a low temperature under vacuum, and pre- 
served in glass-stoppered bottles for analysis. 

The method of McCrudden (4, 5) was used for the calcium determina- 
tions. The calcium oxalate precipitate w™ ignited and weighed as calcium 
oxide. Magnesium (4, 5) was determined on the filtrate from the calcium 
analyses. Nitric acid was added to this filtrate and the solution evaporated 
to dryness to expel the ammonium salts. The residue then mxs dissolved 
in a little hydrochloric acid. The usual procedure was carried out and the 
precipitate was weighed as magnesium pyrophosphate. 

The official gravimetric method (1) was used for the determination of 
phosphorus. 

Citric acid was determined by the pentabromoacetone method as modified 
by Beysher and Holm (2), with a few additional changes. The procedure 
is outlined h|re in some detail because citric acid determinations often have 
been found difficult to make and because good results were obtained with this 
modification. 

Five-tenths gram of the material is dissolved in 40 ml. of sulfuric acid 
(1 to 1 by volume) in a 250-ml. volumetric flask and several milliliters of 
10 per cent phosphotungstic acid are added to precipitate the small amount 
of protein material. The contents of the flask are made up to 250 ml., thor- 
oughly shaken,, and filtered. Fifty milliliters, which is equivalent to 0,1 g. 
of the sample, are taken for the determination. Five milliliters of 37.5 per 
cent potassium bromide are added, followed by 5 per cent potassium per- 
manganate added dropwise until a brown precipitate remains for at least an 
hour. The mixture then is placed in a refrigerator over night, after which 
the excess potassium permanganate is discharged with 20 per cent ferrous 
sulfate. After filtering, drying in the vacuum desiccator, and weighing, the 
precipitate is dissolved with alcohol and ether. The crucible again is dried 
and weighed. The loss in weight represents the pentabromoacetone which, 
multiplied by 0.424, is equal to anhydrous citric acid. 

This method was tried on C.P. calcium citrate in which the water of 
crystallization had been determined. The recovery on four determinations 
was 98.7, 101.7, 100.3, and 99.4 per cent. 

■ RESULTS 

The analytical results obtained on four groups of crystals gathered from 
cans of commercial evaporated milk are given in table 1. 
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TABLE 1 

Analysis of ci'y stats from 4 brands of evaporated milla 


Milk 

no. 

Loss on 
ignition 

CaO 

MgO 

PA- 

Anhydrous 
citric acid 

Loss on ignition 

+ CaO + MgO + PA. 


(%) 

(%) 

(%) 

(%) 

(%) 

1 (%) 

Ih 

70.79 

29.0 

0.23 

0.19 

64.2oc 

! 100.21 

2b 

70.40 

29.22 

0,12 

0.44 

63.97 

1 100.18 

3 

65.80 

29.90 

0.12 

4.43 

60.71 

100.25 

4b 

70.95 

29.10 

0.31 

0.19 

63.60« 

100.55 


a Each group of crystals was collected from cans of milk x:>roduced m a single j>lant 
and x>rocessed on the same or on consecutive days. 

Only a trace (0.02%) of SiOn was found in a composite of these samples. 

c Triplicate determinations • all others made in duplleate. 

Tlie calcium oxide was found to be about 29.0 per cent and the anhydrous 
citric acid 63.0 per cent. The composition of G.P. calcium citrate in terms 
of calcium oxide and anhydrous citric acid is 29.48 per cent and 67.33 per 
cent, I'espectively (6). 

There was a 9 to 10 per cent loss in weight of tlie evaporated milk crystals 
at 120° C., which indicates that water of crystallization was present. Ae- 
cording to Merck’s Index (6) all the water of crystallization of calemm 
citrate is lost at 120° C. 

The amounts of magnesium oxide in the different samples were fairly 
uniform but the quantity of phosphorus pentoxide in no. 3 was in large 
excess over the phosphorus pentoxide in the other three samples. This indi- 
cates the presence of a substantial quantity of calcium phosphate in no. 3. 

Since the calcium in the calcium caseinate-calcium phosphate .complex 
(8) of milk exists as tribasic phosphate, calculations were made to determine 
the quantities of tribasic inagTiesium and calcium phosphate and of calcium 
citrate that might be present in the crystals. Results of the calculations are 
presented in table 2. All the magnesium oxide was converted to triiiiag- 
nesium •phosphate, but this required more phosphorus pentoxide than was 
present in samples 1 and 4, giving the latter a negative phosphate balance. 

.TABLE 2 ...- 'G 


Calmlated vaUies^ for ealekim arid magnesimn p'kospliaie^^ and for micurm eUrate in the 
salt crystals of iwaporated milh 


Alilk 

no. 

MgO as 
■ Mgl(PO.), 

PA 

balance 

Bemaining 
P A as 
Ca«(PO.0, 

CaO 

balance 

Bemaining 
CaO as 
CaCit. 4HA 

Total 

Mg„(PO.).+ 

Ca„(P 04 ),+ 

CaCit.4H„0 


. (%) 

(%) 

(%) 

(%) 

(%) 

(%) 

I 

0.50 

- 0.08 


29.00 

98.33 

98.88 

2' ^ 

0.26 

+ 0.30 

0.65 

28.87 

97.90 

98.81 

3 

0.26 

+ 4.29 

9.37 

. 24.82 .. ■ 

84.18 

93,81 

4 

0.67 

-0.17 


29.10 

98,68 

99.85 


a Calculated from the determined values shown iu table 1. 
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The remaining phosphorus pentoxide in samples 2 and 3 was converted to 
tricalcium phosphate. The calcium balance remaining after the phosphorus 
pentoxide was exhausted was converted to calcium citrate. This required 
a little more citrate than was found in the samples. The sums of these cal** 
eulated values for the phosphates and citrates are given- in the last column 
of table 2. With the exception of sample 3, they are not far from 100 per 
cent 

There are other salt combinations that might be assumed to exist for the 
purpose of calculating the approximate composition of the crystals. How- 
ever, in the absence of accurate data on the salt crystal structures, any deter- 
mination of the manner in which the various components are combined must 
be deferred. 

' summary 

Four groups of salt crystals that had separated from evaporated milk 
during storage were analyzed for calcium oxide, magnesium oxide, phos- 
phorus pentoxide and citric acid. One group of crystals was high enough in 
phosphorus pentoxide to indicate the presence of almost 10 i)er cent tri- 
calcium phosphate. Most of the crystals contained about 98 per cent cal- 
cium citrate and small but varying amounts of triealcium and trimagnesium 
phosphates. 
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THE ISOLATION AND PROPERTIES OF THE IMMUNE PROTEINS 
OP BOVINE MILK AND COLOSTRUM AND THEIR 
ROLE IN IMMUNITY: A REVIEW 

EMIL L. >SMITHi 

Laboratory for the Study of hereditary and MetahoUe DisorderSj'^ and the Leyartments 
of Bioohemistry and Medicine^ University of Utah School of MecMcMe, Salt La'hc Cii}f 

111 mamnialiaii life;, the mother supplies the fetus and the iiewbom off- 
spring with all of the substances necessary for growth. However, in addition 
to providing the usual food faehoivs, the otfspidng is given the antibodies 
necessary to resist infectious diseases. Since the work of Ehrlich (8), it 
has been known that antibodies may be transmitted through the colostrum 
or first milk, passively immunizing the offspring by means of immune bodies 
which are ingested by mouth and then pass from the digestive tract to the 
blood stream. In addition, Ehrlich discovered that, in some species, immune 
bodies also may be transmitted through the placenta directly from the blood 
stream of the mother to the eirculation of the fetus. 

In the ruminants, placHmtal transmissio^^a does not occur, and the colos- 
trum is the sole source of antibodies for the new%cuni amnml^ (9, 13, 22). 
Some years ago, Smith and Little (82, 33) investigated the factors eoiiceraed 
with the survival of newborn calves and found that intestinal infections 
•were among the major canses of death. Feeding of colostrum was found 
to decrease the mortality enormously. Obviously, the antibodies transmitted 
by the colostrum are of great importance in enabling the newborn animal 
to resiKSt infection. At about the same time, Ilowe (10) and Orcutt and 
Howe (17) observed that, after the ingestion of colostrum, aggiutiniiis 
appear in the calf serum associated witli a globulin whieli is precipitable at 
low concentrations of sodium sulfate. Other investigators (11, 21) have 
since found by electrophoretic analysis that the serum of the iie-\vborn 
calf does not possess any y-glol)ulin and that the appearance of slow-moving 
globiilin occurs only after the ingestion of colostrum. 

In recent years it has been amply demonstrated by many investigators 
that antibodies are associated -with globulin components of the serum, and 
much has been learned regarding their properties (12). Until recently, 
no attempts w^ere made to isolate and study the proteins associated with 
imimxuity from milk or colostrum. 

The immune proteins of bovine polostiaim and milk have been 
in order to determine their relationship to the immune proteins found in 
blood serum (24, 25, 26) . It obviously is of some importanee to aseertam 

1 The expex'imental work included in this paper was performed wliile the author was 
at the Biological Laboratories of E. K. Squibb and Sons. 

2 This laboratory is -aided by a grant from the United States Public Health Service 
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whether the immune bodies in the colostrum and milk are identical or 
similar to those in the maternal blood stream. It also is of interest to 
determine what happens to the colostrum antibodies during their passage 
into the blood stream of the newboini animal. The cow represents a good 
species for such a study because, in addition to the availability of milk and 
colostrum, the situation is not complicated by iDlacental transmission of 
antibodies. It is convenient to refer to the colostrum and milk globulins 
which are associated with immunity as ‘^immune laetoglobulins^’, although 
it is realized that the actual antibody content may account for only a very 
small portion of these fractions. 

BOVINE IMMUNE PIIOTEINS 

Colostrum obtained within a few hours after parturition was found to 
have a protein concentration between 15 and 26 per cent or, roughly, two 
to three times the concentration of blood plasma (25). By electrophoretic 
analysis, the immune protein may represent as much as 50 to 60 per cent 
of the total protein in colostimm, and as high as 85 to 90 per cent of the 
protein in colostrum whey. Therefore, it was a comparatively simple matter 
to isolate the immune protein in eleetrophoretieally homogeneous form. 
After removal of the casein (Fraction A) by isoelectric precii^itation at pH 
4.5, the filtrate was brought to pH 6,0 with 0.5 M sodium hydroxide, and 
successive fractions were removed at 0.3 (Fraction B), 0.5 (Fraction C), 
and 0.9 (Fraction D) saturation with ammonium sulfate. After repre- 
cipitation of each fraction within the same limits of salt concentration, the 
preparations were dialyzed and dried from the frozen state. Figure 1 
shoves the electrophoretic patterns obtained with the four fractions and Avith 
the original colostrum. - 

The electrophoretic jiatterii of the whole colostrum shows only a few 
components, with the slow-moving large peak due to the immune protein. 
The crude casein of colostrum. (Fraction A) is complex in nature, like that 
of milk (15, 35), and contains at least two components (25). Fraction B 
consists entix’ely of a slow-moving globulin, and Fraction C of about 85 
per cent of this protein. All of the immune activity of the colostrum Avas 
found to be associated Avith the laetoglobulin of low electrophoretic mobility 
(-1,8 to -2.2X sq. cm. per volt per second at pH 8.4). 

The laetalbumin (Fraction D) is complex in nature and, like the similar 
fraction of milk whey, consists mainly of the /1-lactoglobulin isolated by 
Palmer (18). The crystalline /^-laetoglobulin of colostrum, as far as could 
be determined, is identical with that obtained from milk (25). 

Quantitative isolation of the immune lactoglobulims \yrs accomplished 
by precipitation at 0.4 saturation with ammonium sulfate after isoelectric 
precipitation of the casein. After this fraction was repreeipitated seA^eral 
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times under the same conditions, the material was homogeneous. Prolonged 
diatysis of the protein resulted in a separation of water-insoluble and water- 
soluble portions or eu- and pseudoglobulin fractions. 

Figure 2 show’s the electrophoretic patterns obtained wnth the normal 
whey of the later milk. Here the immune globulin represents only about 
10 per cent of the w^hey protein in the normal animal, although the pro- 



PiG. 1. Eiectroplioretic patterns of the descending boundaries of whole colostruBi 
and of fractions derived from it. is the casein; B, 0 and 1) are aimnoniiim sulfate 
fraetioms obtained between 0 and 0.3 saturation (B), between 0.3 and 0.5 (CJ), and be- 
tween 0.5 and 0.9 (B), respeetively, fraction B consists entirely of immuixe globulin 
and C mainly of this protein. The principal eomponent of Z> is p-laetoglobulin, whieli 
could be obtained in erystaUine form. Electrophoresis was for 200 minutes in veronal 
buffer at pH 8.3 to 8.4 at an ionic strength of 0.1. {Figure reproduced by permission 
of the J ournal of Biological Chemistry.) 

portion may increase somewhat in animals that have been hyperimmunized 
(26) . The changes in protein composition during the transition from colo- 
strum to milk have been studied by Crowther and Eaistrick (5). More 
recently these changes also have been observed in the Tiselius apparatus 
( 7 , 14 ). 

Because of the low concentration of immune protein in the milk whey^ 



I •- 




Fia. 3, Descending patterns of the purified immune laetoglobiiiins. The pseudo- 
globulin is sho^n in A (pH 3.90), B (pH 5.11), 0 (pH 6.81), and J) (pH 8.55). The 
euglobulin is in JE? (pH 3.81), B (pH 5.12), G (pH 6.13), K (pH 6.82), and I (pH 8.65). 
These boundaries do not show the presence of the other milk proteins. (Figure re- 
produced by permission of the Journal of Biological Chemistry.) 


a some what different procedure from that used for the colostrum ivas 
adopted in order to isolate the immune lactoglobulin. This was accomplished 


Fig. 2. Electrophoretic patterns of normal whey taken at 166 minutes (A) and 
250 minutes (B). The principal component is p-lactoglobulin. The iinmiine globulin 
represents about 10 per cent of the total protein. (Figure reproduced by permission of 
the Journal of Biological Chemistry.) > 
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by ammonimu sxilfate fractionation involving isoelectric precipitations at 
different pH values (26). The immune laetoglobulins of milk and colos- 
txuimj as far as the authors have been able to determine, are extremely 
similar oi', more probably, identical. Figure 3 shows the electrophoretic 
patterns obtained at various pH values with some of the purified immune 
laetoglobulins. These proteins are free from the other milk proteins. How- 


O CoLostrum Globulin 
^ T Component 
® Component 


Pig. 4. Elect roplioretie mobility as a functioE of pH f or eolostnim globulin, T-glob- 
ulin, and Y*globulin. Ail of the yaliies were calculated from descending migrations in 
univalent buffers at G. The mobility is in sq, cm, pei* volt per second. The isoelectric 
point of the Y-globulin is at pH 7.2, that of the T-component at pH 6.15, and that of 
the total immune globulin of colostrum at pH 5.85* The separated laetoglobulins (not 
shown in the hgui'e) gave f or the pseudoglobiilm an isoeleetrie point of pH 5.6, and 
the eiiglobulin an I.E.P. of pH 6.05, (Figure reproduced by permission of the Journal 
of Biological Chemistry.) 

ever, most of the boundaries show greater spreading than would be expected 
for a single molecular species. This is similar to the many observations 
t have been made with the y-globulins of serum. ^ 

The animals from which samples of milk and colostrum were obtained 
had been hyperimmunized. All of the immune activity is associated with 
the specifia laetoglobulins which were isolated and not with any of the other 
proteins of milk or colostrum, such as casein or jS-laetoglobulin. 
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Since the iinniune proteins of bovine serum had not been previously 
isolated, it was necessary to develop a procedure for this purpose, xis in 
the plasma of the horse (28, 34), immune activity is associated with the 
more rapidly migrating T-fraetion as well as with the y-globiiiin (25). The 
procedures developed by Cohn et aL (4) and Oncley et al. (16) for the 
fractionation of normal human plasma were adapted for the fractionation of 
hyperimmune bovine serum. This permitted the isolation of the y- and 
T-globulins in electrophoretically homogeneous form (25). With these 
proteins in hand, it then was possible to compare the bovine immune pro- 
teins obtained from the different body fluids. 

Figure 4 shows the electrophoretic mobilities as a function of pH for 
the bovine immune pi'oteins. The y-globulin possesses a much higher iso- 
electric point than the T-giobulin or the total colostrum immune laeto- 
globulin. The eu~ and pseudoglobulins of the colostrum or milk have 
slightly different isoelectric jioints, but these fail on either side of those of 
the y-globulin. From these facts alone it is possible to say that the immune 
proteins found in milk and colostrum are not y-globuiins as defined in terms 
of electrophoretic mobility and isoelectric point. However, it is not pos- 
sible from these measurements to differentiate the lactoglobuliiis and the 
T-globulins. ' 

While none of these proteins is completely homogeneous in the ultra- 
centrifuge, they contain roughly 80-90 per cent of a component which sedi- 
ments at 7 Svedberg units. The diffusion constants of these preparations 
range from about 3.3 to 3.9 x lO"*^ sq. cm. per second. From these values 
it may be calculated that the principal components of the bovine immune 
lactoglobiilins and serum globulins possess molecular weights in the neighbor- 
hood of 180,000. The ready diffusibility of the immune lactoglobulins of 
the colostrum through the intestine of the newborii animal cannot be due 
to any difference in size of these proteins as compared to the irammie 
globulins of the serum. 

Some studies have been made of the carbohydrate and amino acid 
content of the different bovine immune globulins (29, 30) , All of these 
proteins were found to contain hexose aiid hesosamine in a ratio of about 
2 to 1. These proteins, as shown in table 1, contain all of the amino acids 
known to be required in mammalian nutrition. In general, the data are 
similar to the analyses of human y-globulin reported by Brand et ai (1). 
The immune globulins from horse and human serum also have been analyzed 
(29, 30) ; these greatly resemble the bovine proteins in their amino acid 
composition, although there are enough differences to indicate the different 
species from which the proteins are obtained^ 

It is rather striking that the immune proteins of different species appear 
to form a definite homologous group, with extremely similar physical and 
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ciiemieal properties, in much the same way as do the serum albumins and 
the hemoglobins. It also is noteworthy that the immune globulins are quite 
different in amino acid content from any of the other proteins which are 
known to be present in mammalian milk or serum. 

Although the bovine immune proteins greatly resemble one another, it 
is possible to distinguish bet^veen them. For example, attention nvdy be 
called to the values for arginine and methionine of y-globulin, -which are 
much higher than those for the r-globuiin or the lactoglobnlins. The leucine 
content of the different proteins also shows marked differences. The phen- 
ylalanine content of the T-globulin is higher tlian that of the y-globulin 

TABLE I 


Amino acid and carliohydrate content of hovme immune proteins 

(Data are averages derived from (25), (26), (29) and (30). All values are in terms 
of the anhydrous ash free proteins.) 


Constituent 

Eudaeto- 

globuliii 

Pseudo* 

lactoglobulin 

T-globulm 

Y-globiiliii 


(%) 

(%) 

(%) 

(%) 

Argmine 

4,9 

3.5 

4,8 

5.8 

Histidine 

LS9 

2.14 

2.01 

2.05 

Lysine 

6,3 

7.2 

6.4 

6.7. ' ■ 

Isolencine 

3.1 

3.1 

3.0 1 

:7:,3.2 ' 

Leucine 

10.4 

iU 

8.6 

7.4 , 

Valine 

10.4 

9.4 

9.5 

10.0 

Threonine 

10,5 

10.1 

9.5 

10.0 

Phenylalanine ............... 

3.6 

3.8 

4.5 

.3.2 '■■■ ■ 

Tryptophane .................. 

. ■ 2.4 ■: 

2.7 

2,6 

2.6 

Cystine 

3,2 

3.0 

2.8; ' 

2.9 

Methionine 

0.98 

1.08 

i.OO 

1.18 

Sulfur 

1.05 

1.04 

0.95 

1.02 

Hexose 

2.9 

' 2.8 

2.5 .. , 

2.05 

Hexosamine 

1.45 ' 

1.32 

1.50 

1,31 


or of the immune lactoglobnlins ; this is strikingly" reflected in the ultraviolet 
absorption spectra of these proteins (27). As shotvn in figure 5, bovine 
r-globulin possesses a much steeper end-absorption than the colostrum or 
y-globulin. It thus appears that tlui lactoglobulins possess somewhat 
different protein moieties than the serum immune jiroteins. 

However, the lactogiobuHiis and the serum globulins must be substances 
very closely related. All of these proteins will give quantitatively equiva- 
lent anaphylactic cross-reactions in guinea pigs sensitized to bovine immune 
proteins whether they are derived from milk or from serum (25). It is 
well known, particularly from the works of Wells and Osborne (36), that 
the globulin fractions of milk and serum are immiinologically related. It 
now has been shown that these cross-reactions are due to the immune 
proteins. 

The presence in the immune iiroteins of all the amino acids known to 
be required for the maintenance of nitrogen equilibrium in mammals raises 
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an important nntritional question. Obviously, for protection of the adult 
and tbe newborn against infectious disease, all of the so-called essential amino 
acids must be supplied in adequate amount. Evidence is' available wdiich 
shows that hypoproteinemia causes a decrease of antibodies and a lower 
resistance to infection. The synthesis of the globulins eoneerned -with im- 
munity is then a special problem in nutrition, as recently emphasized by 
Cannon (3). 



Fig. 5. Ultraviolet' absorption spectra of bovine globulins. The absorpth.n curve 
of the T-globnlin appears to reflect the higher content of phenylalanine by the stet^per 
end-absorption as compared to the other proteins. (Figure reproduced by penuisHion 
of tlie Journal of Biological Climistry.) 

PASSIVE immunity IX THE CAI.F 

Since it ^ready lias been demonstrated that the colostrum imniiiue 
globulin is different from y-globuliii in electrophoretic mobility and other 
properties, it is preferable not to refer to the globulin which appears in 
the blood stream of the newborn after the ingestion of colostrum as a 
y-globulin. The protein which appears in the blood stream of the calf after 
ingestion of colostrum possesses the electrophoretic mobility of the immune 
lactoglobulin and not tiiat of y-globulin (31) . Figure 6 shows the electro- 
phoretic patterns obtained with the serum of the newborn calf at birth and 
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at various times later. The calf was fed colostrum only during the first 
day of life, and thereafter was isolated from the mother. The serum of 
the newborn calf did not contain any slow-moving globulin. However, the 
pattern of the serum obtained 2 days after birth sho'wed a large amount of 
colostrum globulin (44 per cent of the total protein). Thereafter, the 



Fig. 6 . Eleetropliorctic patterns of tlie descending boundaries of the serum of a 
newborn calf and of the same animal 2, 50, 87 and 122 days later. For eoinpavison, tlie 
maternal serum obtained 3 days before term also is shown. Tlio runs were performed 
at 1° 0. in a veronal buffer of pH 8,4 to 8.6, and at an ionic strengtli of 0.1. The serum 
of tlie ne^vborn is practically devoid of slow-moving globulins. Tlie immune component 
(Col.) appears after feeding colostrum. The absolute heights of the different serum 
samples cannot be compared as the runs were made at somewhat different protein eon- 
eentrationg. . , ^ . 

amount of colostrum globulin decreased steadily. From such data it is 
possible to estimate the time during which this protein remained in the 
blood stream of the calf. The immune component decreased to about one- 
half its initial concentration in about 20 days, and persisted for many 
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months, y-globulin was hardly in the blood stream of the new- 

born ealf. Even after 4 months, it had not reached the normal adult level. 
It is obvious that the passively acquired immunity is of real importance to 
the health of the calf for the long period before it is capable of making 
antibodies of its own. 

It also should be stated that the mobilities and relative concentrations 
of the various serum protqins in the newborn calf may be very different 
from those in the adult. This should be extremely useful in approaching 
some of the problems of the physiology and chemistry of the fetus. In 
fact, Pedersen (20) recently has reported the isolation of fetuin, an a- 
globulin, from the sernm of the bovine fetus. Bovine fetal hemoglobin 
reportedly differs from that of the adult (37). ■ 

"SUMMARY 

Colostrum serves a special function in order to enhance the resistance 
of the newborn to infectious disease. This is shown by the extremel}’’ high 
concentrations of immune lactoglobulins in the colostrum. These globulins 
are passively transferred to the offspring, where they may persist in the 
blood stream for many months. The lactoglobulins which have molecular 
weights near 180,000 pass from the intestinal tract of the calf to its blood 
stream. The immune lactoglobulins of bovine milk and colostimm, and the 
y- and T-globnlins of bovine sernm, have been isolated and compared \vith 
respect to their physical and chemical properties. 

■ ■ CONCLUSIONS 

It is clear that the colostrum serves a special function in order to 
enhance the survival of the newborn animal. Not only is the colostrum 
richer than the milk in some of the vitamins, as demonstrated by various 
investigators (6, 19, 23), but it also contains a totally diff'erent distribution 
of proteins than the milk. The extremely high percentage of immune laeto- 
globnlins, together with the fact that the colostrum may contain 25 per cent 
protein in the aqueous phase, demonstrates the extreme nature of this 
adaptation. It is not surprising that many investigators have foiuid that 
colostrum generally possesses higher immune titers than the maternal blood 
(2) . The long duration of the passively acquired immunity in the ealf also 
emphasizes the great importance of colostrum to the health and well-being 
of the newborn. 

The protein synthesis of the mammary gland presents an intriguing 
picture. The gland makes special proteins such as casein and ^-laeto- 
globulin, which are not found elsewhere in the body, and even gives its own 
characteristic label to the immune bodies which must be drawn from the 
blood stream. 
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Tke purpose of this review is to make available in one article pertinent 
information on whey and its constituents and on procedures for the mami'- 
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factiire of both food and non-food products from whey. Sufacient details 
are given so that cheese producers can select processes suited to their indi- 
vidual locations and scales of operation. 

THE WHEY DISPOSAL PROBLEM 

More than ever before producei’s of cheese are seeking new methods of 
utilizing whey. The reasons for this are apparent. Older methods of dis- 
posal are becoming less available and several other possible methods are 
prohibitively expensive to operate. The following xiroeedures either have 
been employed or have been advocated for disposal of dairy wastes (124) : 

(a) ’Running to the sewer. This is practical only when the quantity of 
whey is very small or the whey can be diluted greatly ; otherwise, a nuisance 
is created or, if the sewage is treated, an inordinate load is placed on the 
treating plant. Since the biological oxygen demand of whey is high and the 
quantity usually is large, this method is not feasible in most instances. 

(b) Running to a stream. Any appreciable quantity of whey will pol- 
lute a small stream sufficiently to kill fish and to xiroduce noxious odors in 
stagnant areas. 

(c) Dumping in abandoned mines or quaiTies or in holes dug for dis- 
posal purposes. The cost of transporting whey to abandoned mines or quar- 
ries will be prohibitive in most instances and the odors produced by the 
decomposing whey will be objectionable unless the xfiace of disposal is at a 
considerable distance from the cheese plant and from homes. 

(d) Dumping in prexiared lagoons. Practically the same objections 
apply to lagooning or spreading on fields as to the preceding method. 

(e) Treating in a sewage disposal plant installed for the puiqiGse. The 
cost of a disposal plant for whey will be unreasonably great because of the 
high value of the biological oxygen demand of the whey. 

(f) Producing fuel gas by anaerobic fermentation. It appears theo- 
retically possible to produce all the heat required in a cheese x^ant by this 
procedure, hut such a heat source probably would be unreliable. Digestion 
tanks of about 30 times the daily volume of whey would be required. 

(g) Returning the whey to farmers for feeding. This is practical, but 
only to a limited extent. The large volume of the whey in relation to the 
quantity of nutrients present and the requirement that whey may not be 
transported to the farms in the cans used for bringing milk to the plants 
discoui’age many farmers from using whey for f eeding. Furthermore, the 
farmers having pig^s to feed usually are not the same ones as those delivering 
milk to the cheese plant. 

(h) Evaporating or drying for use as food or feed. Where cheap heat 
is available and the volume of whey is great enough to justify investment in 
evaporating or drying equipment, this is a practical means of disposal. 

(i) Manufacturing of such products as whey protein, whey cheese, lac- 
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tose, lactic acid, alcohol, vinegar- and food specialties. This and the pre-- 
ceding method are the most desirable from the standpoint of nutritional 
economy and usually can be operated at the least net cost, and frequently 
at a profit. The special equipment required is expensive. 

QUANTITIES OP WHEY PRODUCED 

Approximately 10 billion lb. of -whey are produced each year in the 
United States. About 9 billion lb. are from the manufacture of whole milk 
cheese and one billion lb. from cottage, pot and baliers’ cheese. The 40 
million-lb. quantity of whey from the making of casein, though relatively 
small in amount, is of importance because, until recently, it has been the 
source of all the lactose produced in this country . 

Ten billion pounds of whey eontam, in round numbers, 500 million lb. 
of lactose, 50 million lb. of protein, 40 million lb. of non-protein nitrogenous 
matter, 30 million lb. of fat, 11 million lb. of phosphorus (PaOn), 7 million 
lb. of ealeium (CaO), and 12 thousand lb. of riboflavin. Forty million 
pounds of ash constituents also are present but are of little or no interest 
from the standpoint of utilization. The fat can be recovered readily by 
means of a cream separator for use in making butter and therefore does not 
contribute to the whey disposal problem. 

COMPOSITION AND NUTRITIVE VALUE OP WHEY 

A typical checvse whey contains 6,9 per cent total solids, of which per- 
centage 0.6 is ash and 6.3 is organic solids, divided among 0.3 per cent fat, 
0.9 per cent nitrogenous compounds (calculated as protein), 4.9 per cent 
lactose and 0.2 per cent lactic acid. The lactic acid has been formed by 
fermentation of lactose, and the percentages of these two constituents are 
somewhat variable, but their sum is consistently close to 5.1 per cent. About 
five-ninths of the nitrogenous matter is heat-coagulable protein. This 
tein commonly is called either whey protein or albumin, but the term al- 
bumin is an improper one since this material consists of a very small pro- 
portion of suspended casein, an ^‘albumin fraction^ ^ and a ‘^globulin frac- 
tion’ ^ These fractions differ in both composition and physical x)roperties 
and can be fractionated still further. 

For the purposes of this review, the term whey protein will include all of 
the heat-coagulable protein of whey, and its heterogenous composition will 
be disregarded. The nitrogenous matter that is not eoagulable by heat con- 
sists of substances precipitable by trichloroacetic acid, which are peptone or 
proteose in nature, and other simpler substances such as creatin, creatinin, 
urea, uric acid, amino acids and ammonia. Of the known vitamins, the only 
one present iii appreciable quantities in whey is riboflavin, which occurs to 
the extent of approximately 1.24 y per g. of whey, or 0.000124 per cent (25). 

The chief individual ash constituents present in whey are : 0.188 per cent 
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potassium oxide, 0.075 per cent sodium oxide, 0.071 per cent calcium oxide, 
0.018 per cent magnesium oxide, 0.001 per cent ferric oxide, 0.110 per cent 
piiospliorus pentoxide, 0.107 per cent cWorine and 0.029 per cent sulfur 
trioxide. Of these, the calcium and phosphorus are of positive interest be- 
cause of their nutritional value. The other salt constituents usually have 
only nnisanee value because of the salty flavor that they impart to concen- 
trated whey products and the difficulty of removing them. 

Milk is unique as a source of calcium and riboflavin, two nutrients that 
need to be increased in many American diets. It is unique also in that it 
contains lactose, a sugar having highly specific nutritive value. These three 
nutrients largely are left in the whey from the eheesemaking process, together 
with part of the phosphorus. The whey protein is of excellent quality in 
that it contains practically all of the essential amino acids. 

Lactose brings about increased utilmation of ealcium, magnesinm and 
phosphorus in yonng animals (35, 72, 81) . This effect may be the real basis 
for many claims as to the superior assimilability of calcium and phosphorus 
from whey products. Lactose, unless fed in excessive quantities, is more 
effective in aecelerating growth in young aiiimals than are other common 
carbohydrates (141), It favors the production of riboflavin and vitamin 
Be in the intestine of the rat (74). The feeding of lactose to rats has 
caused cataracts, but it has been found that fat, which is necessary for the 
utilization of dietarj^- lactose, protects against development of cataracts (51, 
103). Young rats die when fed lactose in high concentration as the only 
carbohydrate in the diet (31, 40) unless an unidentified factor associated 
with casein is present (18). It should be understood that these undesirable 
effects of lactose have been obtained only in rats and then only on diets that 
were highly abnormal. 

In the poultry industry, dined whey is fed ektehsively because lactose 
is effective in preventing coecidiosis, and riboflavin is considered essential 
to the rapid groivth of chieks and to hatchability of eggs and is a preventive 
of curled toe paralysis. 

PROCESSES FOR PRIMARY PEODTJCTS 

Methods of whey utilization discussed in this review are shown in 
figure 1. Three primary processes are employed in the preparation of whey 
for ultimate utilization in feeds, foods, pharmaceuticals, or industrial 
products. The different primary and final products will be considered here 
approximately in the order in which they appear in the figure. 

If whey is to be processed, the initial processing should be carried out 
in the plant in -which the whey is produced in order that deterioration due to 
the growth of undesirable organisms will be retarded or prevented. Such 
treatments may include one or more of the unit operations of pasteurization, 
concentration or fermentation. 
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Pasteurized Products 

Sweet whey. Pasteurization is an essential step in the pre>servatioii of 
sweet whey for further processing and in the production of whey cream. 
Whey is heated to 145° F. for 30 minutes, or to higher temperatures for 
shorter times, to retard growdh of lactic-acid-jiroducing bacteria which 
have been active in the eheesemaking process and to destroy pathogenic 
organisms that may be present if the milk "was not pasteurized prior to 
making the cheese. The whey should be cooled to below 50° P, immediately 
after pasteurization, unless additional processing is to ensue promptly. 

Pasteurized sweet whey is bulky and perishable, but, w^here there is 
a convenient source of supply, it can be used successfully in foods. It may 
be used to advantage in place of water in recipes for beverages, soups, 
bread and other foods. 

Whey cream. - It is prepared by putting whey through a cream separa* 
tor either before or after pasteurization. Products of baeteilal growth 
that produce oif flavors may be present in whey that is not properly 
pasteurized and may be transferred to the cream. When cheese is made in 
copper equipment, cream made from the whey often has a copper content 
great enough to catalyze the oxidation of the fat; as a result, off flavors 
appear in butter or other products made from the cream. 

The danger of curdling during the pasteurization ot mixtures of whey 
cream and cream from whole milk can be lessened or avoided by using whey 
cream of low acidity or by pasteurizing the whey cream separately before 
it is ihixed with the cream from whole milk ( 133 ) . 

Altliougli butter most generally is the product made from whey cream, 
the cream may be used in foods in which casein coagulates readily. Whey 
cream contains substantially no casein and will not produce a coagulum 
when added to cold, acid foods. The coagulum formed during heating is 
soft and easily dispersed. 

Concentrated Products 

To remove water from whey, two methods are in use, one employing 
vacuum evaporators and the other driers. Both require from 40,000 to 100,- 
000 lb. of whey daily for profitable operation. However, if equipment 
already is available and if the whey cannot be discarded, it may be prac- 
ticable to concentrate as little as 10,000 lb. of whey daily. The engineer- 
ing and operating aspects of concentrating equipment have been considered 
at length by Hunziker (46), Scott (104) and Farrall (32). 

Plain condensed whey. This is the simplest of the whey concentrates 
to manufacture (136). Pasteurized whey is condensed in a vacuum pan 
to about 68 per cent solids (36.7° Baume at 115° F,), dropped into cans, 
barrels or a tank, seeded with lactose or a concentrate from a previous run, 
and, if possible, cooled with agitation. A multiple-effect evaporator will 
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condense wliey to 40 or 50 per cent solids; a single-effect pan can reduce it 
to 70 per cent solids. When whey is being condensed to 70 per cent solids, 
there is a possibility that the concentrated solution suddenly will crystallize 
in the pan and that the heating surfaces will become badly coated with 
whey solids (60). To aToid this difficulty, the pan should be clean and 
free of lactose crystals at the start of each run and the batch should be 
quickly finished and dropped from the pan (136). 

Excessive foaming of whey in the vacuum pan sometimes occurs. The 
addition of a small quantity of milk fat or other fat to the hatch usually will 
reduce this foaming. Triggs (125) found that if the whey wus adjusted to 
pH 5.5 to 6.0 before it -was drawn into the vacuum foaming could be 
practically eliminated. The acid joref erred W'ES iihosphorie, and this was 
neutralized with lime as soon as the concentrated whey %va.s dropped from 
the pan. 

Sweetened condensed ivhey. This wtxs develop) ed to provide a simple and 
economical method for the preservation of whey solids for use in food maini- 
factiire (92, 137). A quantity of sugar equal in weight to that of the 
solids in the batch of -whey is added to the whey after it has been run 
through the separator and jiasteurized. The mixture is condensed under 
vacuum to 76 per cent solids (38.4 Batime at 122'^ P.). The concentrate 
is cooled to 95° P., seeded with lactose crystals or with a concentrate from 
a previous run, stiimed for 1 hour and placed in barrels or cans. If a prod- 
uct containing a reduced content of lactose is desired, crystallized lactose 
may be renaoved centrifugally before the concentrate is stored. The storage 
requirements, as well as the manufacturing procedure, are similar to those 
for sweetened condensed milk. The whey product thickens more slowly and 
to a lesser extent than does the milk product. Pat-free sweetened con- 
densed whey may be wdiipped to a dense foam having 200 per cent overrun 
and a stability of several hours. 

Dried whey. When produced by the processes employed in drying milk, 
dried whey cakes on standing because the anhydiws lactose present 
gradually absorbs water and crystallizes as a hydrate (108, 110) ( Many 
patented processes have been devised principally for the purpose of in- 
ducing lactose crystallization prior to the complete drying of the whey. 
Some of these processes may be applied in either the roller or spray dr 3 dng 
procedures. 

Processes for controlling the crystallization of lactose during the dry- 
ing of whey may be divided into four groups: (a) Whe^^ is concentrated 
to a solids content of 70 per cent or more, the lactose is allowed to crystallize, 
and then the mass is dried (11, 53, 60, 111) , (b) The whey is dried and 

then allowed to absorb water to force the crystallization of the lactose 
(20, 30, 87, 130). (e) The whey is concentrated to the point at which it 
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contains approximately the quantity of water required for hydration of 
the lactose (6, 58, 59, 85, 88). No water is added and under carefully 
controlled conditions it is not necessary to remove water after the eiystals 
have formed. In practice, however, often about 2 to 5 per cent of water 
must be removed after crystallization of lactose is complete, (d) A dried 
whey in which lactose is lax'gely in the anhydride form is prepared by 
seeding a X3artiaily concentrated whey with lactose at a temperature 
above 200*^ F. and holding it at this temperature while it crystallizes and 
dries (20, 59). 

Three general drying methods are employed in the manufacture of dried 
whey: tunnel or shelf drying, drum or roller drying, and spray drying. 

Since many of the processes and their modifications employed in the dxying 
of whey are patented, the status of the patents in this field should be in- 
vestigated before manufacturing operations are started. Bosworth( 12) 
eoncentraled whey under vacuum and then dried it in air at 149^ F. for 
food and pharmaceutical uses. 

The commercial method of concentration and tunnel drying of whey is 
based on the Simmons patent (111), which oiily recently has expired'. 

Whey is condensed under vacuum to 70 per cent solids, dropped from the 
vacuum pan, seeded and held not more than 24 hours to allow the lactose 
to crystallize. The pasty mass then is dried in a tunnel drier and ground. 

The finished product is relatively non-hygroseopic and the whey protmn 
is insoluble ill water. In the Kraft modification of the Simmons process 
(53), the whey concentrate containing 70 per cent solids is dried jn air by 
blowing it through a series of conduits and cyclone colleetors. The lactose 
crystallizes during this drying operation. Lavett (60) concentrates whey 
of 40 per cent solids to 80 per cent on a double drum drier, drops this to 
cooling and seeding drums, and then to a hot-air drier. Bertram and 
Lemmerich (11) pass the concentrated whey through a mixing machine 
in which it is mixed with air and the lactose crystallized. The material 
then is dried and gi’Ound. Peebles and Manning (S9) claim that, by heat- 
coagulating the whey proteins prior to crystallizing the lactose in the concen- 
trate, the protein then will not interfere with crystal formation, and a stable, 
non-hygroseopie dried whey vdll be produced. ^ 

Drum or roller drying of whey can be carried out by following conven- 
tional methods (3), but modifications generally are employed to retard the 
formation of a sticky, hygroscopic glass on the drums. Lavett (57, 59, 60) 
uses two double-drum drying units placed one above the other. Whey is 
concentrated in a vacuum pan to 40 per cent solids and then reduced on 
the upper drums to 80 per cent solids. The mass is cooled and seeded on the 
lower drums and finally dried in a rotary drier. When a single pair of 
rolls is employed, adjustment of the titratable acidity of the whey to be- 
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tween 0.30 and 0.40 per cent before drying is belpM (61). In one modi- 
fication, the drying mass is stripped from the drums when it contains from 
8 to 15 per cent moisture, the lactose allowed to crystallize, and the drying 
finished by means of hot air (58) . 

Drying aids may be added to the whey. Peetic acid is used in the 
drying of mixtures of whey and fruit juices (143). The dried whey can be 
scraped off the rollers easier if a finely divided dry material, such as dried 
whey, is sprinkled on the semi-dried film as the rolls revolve (6). Spellacy 
(115), Supplee (119), and Jack and Wasson (48) found that whey dried 
with less difficulty when it -was mixed with a material which formed a sheet 
as it was scraped from the drums. Skim milk, buttermilk and organic, 
water-insoluble, non-gelatinized substances such as ground and sifted 
cereals were found to be suitable drying aids, Waite (128) found that' 
cheese whey and hydrochloric acid-casein whey could be drum-dried if they 
were neutralized W'ith calcium h^-droxide, but acetic acid-casein whey 
could be dried without neutralization. 

Spray drying can be accomplished by the processes used for drying 
milk. However, the hygroscopic nature of spray-dried whey sometimes 
causes it to cake in the collection system of the drier and obstruct the 
passages. This tendency is lessened by inducing lactose crystallization 
during drying by an adaptation of one of the procedures previously 
described. 

The addition of pectie acid to whey (143) and heat-coagulation of the 
whey protein (89) have been recommended as preliminary treatments for 
whey that is to be spray-dried. 

Casein sometimes is removed from skim inillv by treatment with one of 
several gums (2) . The resulting -whey is highly viscous; it may be treated 
with an enzyme that will act on the gum, thus reducing the viscosity of 
the whey and making it easier to handle in drying equipment (23), 

Dried whey often gradually becomes brovm subsequent to drying. Doob 
et al. (28) found this objectionable change to be associated -with a Mgh 
content of osmotieaily held moisture, high titratable acidity and low 
lactose content. 

Lactose, Until recently, lactose was made in this country only from 
muriatic casein whey. HoTvever, the increased demands for lactose in the 
manufacture of penicillin during World War II, together with the simul- 
taneous decrease in the quantity of casein whey available, made it necessary 
to use cheese whey as a source of lactose. The difficulties in processing 
cheese whey for lactose manufacture had beeji overcome experimentally, 
and several procedures were available for commercial use. The methods 
employing casein whey and cheese whey are outlined here. 

Whey from casein precipitated by means of sulfuiic acid is objectionable 
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because of the difficulty of removing slightly soluble metal sulfates that 
impart cloudiness to lactose solutions. Self-sour casein whey is not recom- 
mended because so much of the lactose has been converted to lactic acid 
that yields will be low. The same is true to a less degree of cottage cheese 
whey. In general, the less the fermentation that has taken place in the whey 
the greater the yield of lactose that will be obtained. 

The whey protein is recovered in an insoluble condition in the process 
using casein whey and in those processes using cheese whey wherein the 
whey is clarified by boiling. This insoluble protein is suitable for feed. 
When a soluble protein suitable for use as food is desired, the whey should 
not be boiled; under these conditions the lactose obtained will contain a 
relatively high percentage of protein and ash, usually 1,5 per cent or more of 
each. Two stages of clarification and boiling are necessary to produce, 
with one erystallization, lactose containing less than 0.e3 per cent protein 
and 0.3 per cent ash. The recovery of lactose usually is 3,5 to 4 lb. per 100 
lb. of whey. A second crystallization is necessary in order to produce USP 
lactose. For many purposes, however, lactose of crude or technical grade is 
satisfactory and is less costly to produce. 

Muriatic casein whey (78, 117) is heated to boiling in iron taiiks^^ w 
live steam, and lime is added during the heating until the acidity is about 
0.5 per cent or the pH value is 6.2. The eoagulum is allowed to settle and 
the clear whey is evaporated in a double-effect evaporator to a concentration 
of 30 per cent lactose, or 20° Baume. The hot sirup is filtered in a filter 
press and is foilow^ed by the sludge from the coagulating tank. The clear 
sirup then is evaporated in a single-effect evaporator to about 40° Baume, 
some crystallization or ' ‘ gi’aining’' taking place in the evaporating pan. 
The hot mass is dropped to crystallizing vats, where it is agitated slowly 
and cooled by w^ater circulating in a jacket. The sugar is freed from 
mother liquor by spiuning in a sugar centrifuge and then washed with cold 
'water. A second crop of crystals can be obtained hy concentrating the 
mother liquor. The wet crude lactose either should be refined or dried 
promptly to avoid spoilage. 

The simplest method of making lactose from cheese whey (0, 10, 138) is 
to concentrate it in a vacuum evaporator to 55-60 per cent solids content, 
cool the eoneentrate with occasional stirring in a vat, separate the lactose 
in a centrifuge, wash with cold water, and dry in a tunnel drier. The 
resulting crude sugar will contain approximately 5 per cent impurities 
(protein and ash) on a dry basis. The whey protein in the mother liquor 
will be soluble. 

Better grades of lactose are obtained when the heat-coagulable fraction 
is removed from the whey before concentration. During evaporation of the 
clarified whey further precipitation of insoluble protein and salts occurs. 
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If the sirup is filtered when its eoncentration reaches 20^ Baume, or about 
30 per cent solids, there will be a further improvement in the finished prod- 
uct. The 20° Baume sirup also may be decoloiuzed with activated carbon 
and bone-black to produce a colorless lactose. The resulting technical grade 
sugar will contain more than 99 per cent lactose and only 0.3 per cent each 
of protein and ash on the dry basis. A lactose that wdll not foam in solution 
may be made by digesting the clarified whey with the enzyme tiypsin before 
concentration. 

Several other methods that have not come into commercial use have been 
described in the literature (142). 

For refining (118), crude sugar is dissolved with the aid of steam in 
sufficient wmter to give a concentration of 20° Baume. One pound of 
decolorizing paste and 0.25 lb. of a filter aid are added for each 100 lb. 
of sugar present. The solution is heated to boiling and hydrochloric acid 
is added to give a titratable acidity of 0.09 per cent, expressed as lactic acid. 
After standing oveimight, the batch is heated nearly to boiling and milk 
of lime added to reduce the acidity to 0.05 per cent, or a pH value of 5.4 to 
5.8. The solution then is boiled vigorously for a few minutes and allowed 
to stand untiT the insoluble matter has settled. It then is filtex’ed through 
cloth in a press and again through rag paper supported between perforated 
copper discs. The acidity of the filtrate is increased slight^ by addition 
of hydrochloric acid, the solution is concentrated to 40° Baume, and the 
sugar is crystallized, centrifuged, wmshed and dried. The jiroduet should 
satisfy the specifications for USP lactose. 

Drying lactose solutions by the spray-drying process (8) produces a 
mixture of the two forms in approximately the equilibrium ratio of 1.65 
parts beta to 1.00 part alpha. The product dissolves much more rapidly 
than alpha lactose but is hygroscopic and has poor wetting properties. 
The product made by drying lactose solutions on a drum drier will contain 
as much as 90 per cent of the sugar in the ieta form under the most favorable 
drying conditions. Such a product is le>ss hygroscopic than the spray- 
dried product, has good wetting x)i'operties, and is slightly more soluble 
initially than pui'e heia lactose. 

In the process of Supplee and Flanigan (120), a solution of lactose is 
dried in a thin film at a temperature above the boiling point of wrater, the 
film is removed from the source of heat while it contains at least 2 per cent 
' of water, and the heat remaining in the paste completes the drying. The 
product contains a high proportion of beta lactose. 

In Sharp’s process (106, 107), alpha lactose is added to a saturated 
lactose solution maintained above the critical temperature of 200.4° F. 
The alpha lactose dissolves and reappears as crystalline beta lactose, which 
is separated by filtration in a heated centrifuge. 
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In the Sharp and Hand process (109), dry alpha lactose is heated in a 
closed container at 248 to 266° F* • Under these conditions, alpha lactose 
loses water of crystallization and changes to the heta form. When the con- 
version has reached completion, or a desired stage short of completion, the 
water vapor in the container is allowed to escape. 

Whei/ protein. This easily can be recovered as a denatured protein from 
either concentrated or nnconeentrated whey by heat coagulation, but the 
soluble product is difficult to isolate. Soluble whey protein generally is 
prepared from a wdiey concentrate from which the crystallized lactose has 
been removed. The remaining liquor contains the wdiey protein, some 
lactose, and the soluble whey salts, which are difficult to separate from the 
protein without causing denaturation. Patents were obtained by Dunham 
in 1902 (29) for precipitating whey albumin from concentrated whey by 
means of acid, by Weimar in 1921 (139) for preparing a soluble whey 
protein concentrate from which lactose was partly separated by crystalliza- 
tion and salts by dialysis, and by Meyer in 1931 (71) for removing salts by 
chemical means. 

Bell and Peter (9) and Bell et al, (10) improved the Weimar process. 
Cheese whey is neutralized wdth sodium hydroxide to pH 7.3, condensed 
to 62 per cent solids, cooled, and centrifuged to separate the lactose. The 
mother liquor, which contains soluble whey protein, milk salts and residual 
lactose, is suitable for use in food preparations. Watson (131) was able 
to remove most of the salts from the mother liquor of the Bell, Peter and 
Johnson process by electrodialysis. Perhaps this can be accomplished more 
readily by application of the more recently developed ion-exchange pro- 
cedures, first advocated by Lyman (68). 

Leviton (62) and Levitoii and Leighton (67) extract soluble protein 
from whey by means of alcohol. Dried whey containing non-crystalline 
lactose rapidly is mixed with ethanol, and the protein, being insoluble in 
the alcohol, promptly is separated by filtration and dried. The dried prod- 
uct is soluble in water. Lactose crystallizes from the mother liquor and 
is recovered by filtration; the alcohol is recovered by distillation, leaving 
a residue relatively rich in riboflavin. Similarly, Leviton (66) has extracted 
protein from dried skim milk by means of methanol. The protein complex 
is redispersed in water and the casein is precipitated by acid or rennet, 
leaving soluble wffiey protein in solution. 

Another method for the separation of water-sohihle protein from whey 
was devised by Gordon (38). The protein is precipitated at pH 3 by 
addition of a soluble metaphosphate, separated by filtration, and w^ashed and 
treated with excess calcium hydroxide at pH 9 to precipitate calcium phos- 
phate. The mixui^e then is adjusted to pH 7 and centrifuged. The filtrate 
contains the whey protein and is evaporated under vacuum to yield the 
protein in a dry undenatiired state. 
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Water-insohible wliey protein may be separated from wliey by beat 
coagulation. Investigators bave determined quantitatively tbe effect of 
reaction and temperature on the heat coagulation of protein in cheese whey 
(47, 76, 80). In general, 50 to 60 per cent of the nitrogen in whey is 
recovered as coagulated protein when the whey at a reaction between pH 
4.5 and 5.0 is boiled. Several practical processes have been developed (15, 
34, 130). According to Burkey and Walter (16), sweet whey (pH 6.3) is 
heated to 200*^ F, and acidified to pH 5,0 with any suitable acid or with sour 
whey. The sour whey used vshould contain 2 per cent lactic acid and is 
added in an amount equal to 10 per cent of the whey being treated. During 
acidification the whey is stirred; then it is held hot and without stirring for 
about 15 minutes. The clear liquid may be siphoned or drained off, or the 
flocculated protein dipped into cheese cloths and drained and w’ashed. Curd 
that has been drained and -washed contains more than 74 per cent moisture 
and may be preserved by drying or freezing. The clarified whey reinaiiiing 
after removal of the protein may be used for lactose manufacture or for 
animal feed. ^ 

Centrifugal separation and washing of heat-coagulated whey iprotein 
have been accomplished by means of specially built, high-speed centrifuges. 
The composition, of the protein suspeiivsion produced may vary widely. One 
procedure pfoduees a concentrate containing about 2 j)er cent whey protein 
and very small quantities of lactose and salts. Some of these suspensions 
resemble skim milk in appearance and can be used in food maiiiifaeture 
either directly or after concentration by vacuum evaporation or by drying. 

Fermentation Prochicts 

The substances that can be produced by the fermentation of the lactose 
of whey can be produced by fermentation of cane,, beet or corn sugar. 
Whether it is practical to utilize whey in making fermentation . products 
depends in general on whether a suitable organism is available to convert 
lactose into the desired product and whether whey is a less costly source 
of fermentable sugar than is molasses or corn sugar. 

Of the many substances that can be produced by fermentation of lactose, 
the only ones being produced in this country are lactic acid, ethyl alcohol 
and riboflavin. Imctose is used in penicillin production because its slow 
rate of acid production under the required conditions favors increased for- 
mation of penicillin, but it is not essential to the fermentation. Since 
lactose, rather than whey, is used in this fermentation, the process is not 
described here. 

Lactic acid. It is^ produced commercially from whey by means of a 
mixed culture of a laetobacillus and a myeoderm, American Type Culture 
Collection no. 9223 (17, 49, 140, 142). , The efficiency of conversion is 
greater than 90 per cent ; the acid is the inactive mixture of the dextro and 
levo forms, and no objectionable by-products are formed. 




BSTEON H. WEBB AND EARLE 0. WHITTIER 


Closed eontainei -lactose is heated in a 

either concentrated or unronyXlSd'lT! '"f "? P^tein from 

soluble product is difficult to isoJate SoIubl^Vl^'^* "“""S'^lation, but the 
Pi-epared from a wJie.y concentrate f,vv ' ? generally is 

been removed. Tlie remainim.' Hr crystallized lactose has 

lactose, and tiie soluble wliev sfTlts Sih Protein, some 

protein without eausilm. deimtmution P T f 

^29) for precipitating wbey 'ffibnmif 
n>eaus of acid, by Weimar in 1921 f oTf -. '!' coimentrated whey by 

pi 0 ;em eonceiitrate froiii wilieii lofs+n^ Pi^PtUliig a soluble whev 

tbeBiical aieaixs. ‘ ^ salts by 

Bell and Peter (9) and Bell el al noi • 

Cheese whey is neutralized with sodium hvr^'''°r' 

to 62 per cent solids, cooled, co^clemsed 

“Other liquor, which eontaiiw solnlu - i separate the lactose. The 

to remove most of the salts from the mt htT' f 
•Johnson process by eleetrodiaJvsis Perha s n ““t 

readily by application of the more recentlv T' '"T more 

^edures, hrst advocated by Lyman ('6S1 ^ ''^“'^toped lon-exchange pro- 

iicviton tb'S) •■-inrl T -X 

*’»» >VIWV by .r2‘h„l”"D.S":b/'0 «h-a„, „,..b,e 

acto.se rapidly is mixed with ethanol aid coutannng non-crystalline 

the alcohol, promptly is separated bt filwi T in 

«ct IS soluble in water. Let^eerJ!^? ^ prod- 

is recovered by filtration; the alcohol i. ^'‘B’or and 

a residue relatively riehinribofla,? ^ ^:^<^overed by distillation, leaving 

protein from dried sidm milk bv means '-.T ’’ extracted 

f ^-^dispersed in water and the eSn i P™tein complex 

leaving soluble whey protein in P-ephated by acid or rennet! 

was dei^isid 'b'y Goril t“«tein from wbey - 

addition of a soluble metaphosnho+e Preeiintated at pH 3 bv 

treated yitl, excess calchm h7dioxidra“Sfo'’f “"d washed and 

phate The ad jnsM ‘h 7 f P«“Pitala oicitm. pha,. 

««« tarns a, „P,,. ^ .;■«; ?“ ' attl aentrifpged. The SI, .-ate 

protein m a dry undenatured state. ^ ^ to yield the 




Water-iusolubie wliey protein mar be separated from wbey by beat 
coagulation. Investigators ba\'e determined quantitatively the effect of 1: 

reaction and teiuperatiire on. t.lie beat coagulation of -protei,.!! in elieese wbey 
(47, 76, SOi. In general, 50 to 60 per cent of tbe nitrogen in wlie}’- is 
la^covered as coagulated pi'otein \\d],en tbe wluqy at a reaction bet-^veeii pH 'I 


4.5 and 5.0 is boiled. Several praerieal processes Iiave been developed (15, 
34, 130). According to Burkey aiol Walter (16), sweet w,iiey (pH 6.3) is 
■ Iieated to 200'^ P. and aeiditied to pH 5.0 with any suitable acid or with sour 

whey. Tlie sour wdiey used should contain 2 per cent lactic acid and is 
' ' added in an aiiioiuit equal to 10 per cent of the wliey being treated. During 

acidification t.lie wliey is stirred ; then it is field liot a.iid witliout stirrii.ig: for 
about, 15 ininui'es. ’^riie clear l.iquid may lie siplioiied or di*aiiied off, or tlie 
floecvihited protein dipped into i‘iH‘esi‘ clollis and drained and washed, Cvrrd 
that has been drained and wosImh! rrmiains .more tbaii 74 pier cent inoisture 
and may be preserved tiy drying or freezing. Tbe clarified whey reiiiaining 
after removal of tlie piro'tein may be used for lactose ma.iiui7i.cture or for 
animal feed. V 

(jent,rifugal separation, and wasl}i..ng of beat-eoagiilated wiiey proirdu 
have been aeeouiplislied by lueaiis of specially built, liigli-speec! centrifuges. 
Idle cuiHjiosit inn ch'D" lie protein snspimsiuo, productM'l iuapv lUi'v 'ubieiv. One 
proeethn’o prodactss a comment ra.Ie containing about 2 pm* ctmt \chey protein 
and veri” small quantities of lactose and salts. Some of these suspensions 
re.seinble skim milk in appearance a.ri.d can be used in, food luaniifaetiire 
either directly or after concentratioii liy va.ciiui:ti eva-poration or b}’ drying. 



FermenfaMon Products 

Tlie sulistanees tliat can be produeeil by the ferineiitotion of the lactose 
of wlie,y can be ]:)ia;)ctii.ced hr forme ula1io.ii of earie,. beet or com sugar. 
Wlietliei:* it m practica.! to utilize 10110 }” in u:u:iki.ng ferine n.tatioii products 
ilepeuds in general on 'wlietlier a siiiti'ible organism is available to co.iivert 
lactose into the desired product and. wliethcr wliey is a, less cost!}'' source 
of Anmieutablc sugar tliaii is molasses or corn, sugar,. 

Of tJxe mail};” sulistances that can be produced by iurinentatJoii of lactose, 
the only ones being produced i,n tliis country are lactic acid, etliyi aleoliol 
and riboflavin. Lactose is used- in. peiiieilliii production because its slow 
rate: of acid production under the required conditions favors increased for- 
mation of peiiieiilin, but it is not essential to the fermentation. Since 
lactose, rather than wbey, is used in this f ermenta,tioii, tl-ie process Is , not 
described' here. 

Lactic acid. It is prodiieed coiomercially from wbey by means of a 
mixed culture of a laetobacillus and a mycodem, American Type Culture 
Collection no. 9223 (17, 49, 140, 142). The effieieney of eonversioii is 
greater than 90 percent; the acid is the inaetive mixture of the dextro and 
levo forms, and no objectionable by-products are formed. 
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A starter culture is built up by sueeessi've iii(;n,tulati^'vniH arei riDDiJMiJjoiis 
of batches of whey of increasing size. Five Imiwlreci gallons ol: miner a.:re 

added to 5,000 gallons of raw whey maintained at FF ( ^ (11.0^" F.y Javery 

6 hours,, or whenever the reaction approaches pll 5.0, a sluri’;-; ^0'' slelo^^l 
lime is added in quantity siiliicieiit to bring'tlie reaction U) ]'dj [Ij) lad no>t 
higher. When chemical tests show that practically ail lht‘ sug;u' has Ofrh 
fermented, or when the quantity of lime <a:jiiSTinied lodiintes the 
version is complete, the whey is neutralized to jilri (ha to 7.5 willi inTiC' slirriy 
and lieated to the boiling point. After 10 inimites at the lioiling irant, the 
coaguliim is allowed to settle, the clear liquid is run to a filtei* 'iiress and 
is followed by the sludge. The hot filtrate is treated witli a small iHa’i'mif age 
of decolorizing carbon, stirred, and brouglit to a i d I \u lne of lOJ.l frv 
addition of lime slurry. As soon as a test on a sample, shoAVs I Init. siclimcni.a- 
tioii will be rapid, the precipitate is allowed to settle and the bateli again is 
filtered. The filtrate is neutralized with lactic aci<l and couicml loated in 
a vacuum pan at 15'^ Baunie. The eoneentrate is run to jiielveted erysi;al- 
lizers, and^ by circulating cold water in the jaclad:, it is cooled to .lO-liV’' (;. 
(50-60® F.), After 12 hours, the crystalline mass is s]njn in a basket 
trifuge until no more filtrate is obtained a,:iid tlie crystals are wa^shen: nnhilt 
with cold "water. The mother liquor and waslimgs are cmtermi rated irt 1*1.5 
Baiime to obtain a second crop of crystals. The caleinm hiclaie nhmih't'‘t' 
may be reerystallized to produce USP calcium lactate or it may be treated, 
with sulfuric acid to convert it to lactic acid either before or a.l;ter eiu^stab 
lization. 

Lactic acid comes on the market principally as 22 and 44 per cent crude, 


Ethyl alcohol. The production of ethyl alcohol froiii flie iaef jose of Avlicy 
(50, 77, 97) requires a laetosedennenting yeast. Tornki maoiou-kv, American 
Type Culture Collection ],io. 2512, is the most effirient yemt foiiiKl ii)r •iiii* 
purpose; it prodiiees 84 to 90 per cent of the 1li(a;»rW i(nl ;vicld. 

Tlie wlie.y is heated to l.)oiiing, aeidified Ps pli. 5.0 sinir wlc^y or 
a(3i(l, and the precipitated protein removed b;v' filt<wing. .A.rt;er tlie fillraie 
has cooled to 33-34® C. (93® F,), 1 lb. of the yeast is addesi .for each 120 
gallons of whey, and the fermentation eontinried at conslant t,ein|>cralure 
until it is eomplete, usually for about 50 hours. The yeast is venmyeA ^anl 
the alcohol recoveredFy distiilation. -The protei.n, spent yeast and residues 
from the still are suitable for feed. ' .The alcohol is of suflleieuil}' good 
quality to be used "for the production of .spiiut vinegar, as deseribr-d later. 

■ ■ fed to ehickens not alone for its protein, 

and lactose contents but also for its riboflavin content. During World War 
II when drying equipment w^as being used extensively in drying: wlicfie and 
skim milk, the difficulty of producing enough dried whey to satisfy tlie 
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needs for riboflavin in, feeds was overeoine by increasing’ the ilbohavin 
content of before drying means of a feimentation process (4, 65, 
69,73,96,144:). 

TJie reaction of raw wliei^ is adjusted to between pH 6.0 and 7.0, and 
its ii'on content adjusted to between 1 and 2 parts per inillion. Five pounds 
of corn, meal and. 2 lb. of caleiuin carbonate are added for each 1,000 lb. 
of wliey and the mixtiiiv sterilized heating under pressure at 250"' P. 
for 15 to 20 ininiites. After the whey lias been cooled to 100"^ P., 50 lb. 
of an active starter of Clostridiuni acetdbuiylicnm (American Type Giiltiire 
(Jolleetion no. 824 or other suitable strain) is ad(l(‘d for each 1,000 lb. 
of 'vliey and fermentation allowed to continue at- 86 to 98"^ P. for 48 hours, 
or iijitil ribofla\dii conctmtration no longer increases, A yield of at least 
30 7 of riboilaA\in, per g. of vliey can be cNpeeteu. About 30 ])er cent of 
the (a.ctosi:^ of t,lm wbey is ('(cnvanietl during the fermentation to alcohols and 
acetone. Of tliese coiiipoiiuds, t\vo-t:hirds is butyl alcohol, w4].i<4i is of 
suffiinent value in warrant recovery by distilhitioii. It nsually is not feas- 
ible to recor'cr Hie small quantities oi‘ ethyl alcoliol and acetone present, 

i; Tf I jI.za, t ion oir m a r y i-^Rouiuvrs 

Feed 'Uses 

Fluid, eonecntrated and dried whey. The use of whey in feeding 
animals has been mentioned briefly at the beginning of this review. 
It Blioiild be einphasized that condensed and dried -whey are the foims most 
practical to use in feeding pigs a.iKl eliidiens (105, 126), especially those 
that are being 1 ‘aised on farms distant fi'om cheese faetcmies. Dried wdiey 
is considered especialfv nsci'iil in feeding chickens because of the effects of 
lactose ill prewniting cowed iosis and tlie effects o:f riboflavin on growdli of 
cliidvs, liatchaljility of eggs, and prev(.‘i,itioM of curled toe pa.ralys.is. The 
rilioflaviu content of ^^■l!(>y that is to be dried for *:iliiekeii feed can be 
i,nm, ‘eased a^d'vantageoiisly pivior to drying by the fei‘.nie.iitaHon procedure 
oaf lined in tlie preceding section. 

Tli.e (io,n,e(^ntraied and dried foi'uis of wliey usmilly are i'ed i.n mixtures 
^^ith other ik'od materials, or the mixing may be done prior to eoueentratioii 
(75, S3). Sweet or soured 'wiie^q preferably somewhat eonecntrated, is 
recommended as an addition, in the makin.g of silage, especially grass silage 
to which it furnishes nutrients and lactic acid as a preservative '(I. 45, 116). 


Food Uses 

An early record of the benefits to health to be gained through 
the eonsumptioii of whey as a food is found i.ti Hoffmann ‘^Treatise 
oil tlie Virtues and Uses of Wliey’h xniblislied in 1761 (44). But, although 
wliey long has been offered as a cure for many illnesses, it is only recently 
that serious efforts have been made to incorporate it in foods. 




The nse of wlie}^ products in food mannfaetnre aifords a. iiniefi xiiore 
efficient means for utilization of wliej from the stan,dpoiiit of iiiiinaii nutri- 
tion than does feeding to animals followed consimiing the anniiab as i:ood„ 
The food value of the solids of whey is high and under favorable eonditions 
these solids can effectively transfer milk flavor to foods, it is highly 
advantageous that whey protein will not coagulate at low t'om|,)era,tnre8 in 
the presence of fruit acids and that it forms a soft, easily disijersihhi eiird 
during the heat treatments used in cooking and canning (lo2) . 

Foams and emulsifiers. The foaming* properties of -whey pi’atein hme 
been studied axid compared with those of egg albiimiii by Peter and Bell (90) . 
They found that the stability of foams made from concentrated wdiey from 
which part of the lactose has been removed may be increased by neutraliza- 
tion or by the addition of small quantities of tannic acid, saponin, or 
bisulfites. Beeching and Severn (7) report the preparation of a heat- 
coagiilable foaming agent by the iieiitralizationaiid flit ratio of the mother 
liquor from lactose maniif act lire. "Whey protein foams may be osimI in 
inanj food preparations. However, whey protein cannot be used in plac<^ of 
egg wdii'te in certain cakes and custards in vdiicli air must be ineorpoiaxted 
by whipping and a firm structure set up by heat eoagulatioii. A whey 
protein whip will not suppoid; other ingredients when coagulated, by heat. 

Sweetened condensed whey can be whipped in 4 mimites to a foam 
having 200 per cent overran and a stability of 15 hours (92). This whip;, 
which resembles marshmallovr in apipearaiiee, is useful for toppings, icings, 
fruit whips and similar products. 

A foaming material for use in nou-alcoliolic beverages has been prepared 
by dissolving whey protein in sufficient sodium hydroxide so that the solution 
has a pH value of 7.0, and then adding an edible acid, siieh as citric, to 
bring the reaction to pH 4.0-5.0 (38). 

A mixture of 10 lb. of lipoid-free dried whe^^ and 80 lb. of vliole egg 
was found by Clickner (21) to h.ave as good em,ulsifyii.ig properties as pure 
egg yolk and to be suitable for use in niaiuiiinaise. 

Whey drinks. These are ma,de bj" adding Idglily fla.rored fruit or 
vegetable juices to whe^u 'Whej ad-ds to the iiutritirax 'value of a bevivnige, 
but it generally does not improve its flavor. A tf)Tnato-\vhey diiulv is made 
by mixing 65 per cent tomato juice, 0.4 per cent salt, and 34.6 per cent whey, 
including enough irhey cream to give 2 per cent fat in tlie finished beverage 
(133). The reaction should be pH 4,4. The mixture is lieated to 140° P., 
homogenized at 2,500 lb. pressure, canned, and sterilized by heating at 200° 
P. for 25 minutes. Other vegetable juices or fruit jiiiees may be sub- 
stituted for tomato juice. These beverages, when freshly mixed and 
promptly used, have flavor, color, and body superior to those of the eamiecl' 
and sterilized product. 
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A buttermilk type of beverage be made by segTegatiiig tlie W'liey 
protein in a part of tlie wliey (113) . The wliey from which the fad. has been 
separafed, is boiled to coagiilate the whey protein, the clear portion (five- 
sixths of the total) drawn off and discarded, and the remainder homogenized 
to redisperse the protein. The product eoiitaiiis about 4.1 per cent whey 
protein, 4.S per cent lactose, and 0.5 per cent each of ash and fat. It should 
be possible to prepare a product of approxiinotely this composition by means 
of Ingh-speed centrifugal separation of boiled cheese whey, as discussed in 
the section on whey protein. 

Soups, For immediate consumption soups can be prepared by using 
fresli whey in place of water. Soups that are to be canned and sterilized 
are made' more easily with vliey than with milk solids. A tomai:o soup 
contain iiig whey solids retains the natural tomato acidity and does not 
contain (dots oi* Ivimjis of protein after heating. A. formula for cream style 
tomato soup follows (182) : 

'Whey solids, 4 per cent; milk fat, 4 per cent; flour or starch 
binder, 2.8 per cent; salt, 1 per cent; sugar, 1 per cent; fresh 
tomato juice, 70 per cent ; added water, 17.2 per cent. Warm 
tlie inixtiire to 110'-’ F., lioinogenize it at 2,500 lb., heat to 
170° F., ean, and sterilize heating at 240° F. for 60 minutes 
without agitation. 

Cheese mid cheese foods. These may he divided into three classes : 
(a) wliey cheese, (b) whey protein cheese, and (c) process cheese foods. 

Whey cheese, kiiowni as niysost or primost, has been made for centuries in 
northern Europe, but the quantity produced in the United States is small. 
It is made by boiling the wdiey, generally in an open iron pMi 8 to 10 feet 
ill diameter. When it has the consistencj^ of mortar, the hot, pasty mass is 
placed in tubs in wdiicli it is cooled and stirred in order to cause the lactose 
to form small crystals (27, 102, 122). Primost is packed into greased, 
•w'ooden, cubical molds to cool and harden. 

Albumin elieese iras described in 1895 by Babcock (5). Eicotta or 
Ziger is produced from protein that has been removed from wliey by one 
of the methods described earlier. Saminis (101) states that 5 to 10 per cent 
of skim or 'whole milk may be added to the wliey before it is hea,ted. The 
cord is placed in metal hoops, allowed to settle overnight, baiidagecl and 
pressed. The cheese may be salted and sold in fresh condition or dried at 
110° P. ■ 

Whey protein curd recently has been converted into a Eoquefort-type 
cheese (94). Pour pounds of curd are recovered from 100 lb. of separated 
W'hey and, wflien pressed, the curd contains about 77 per cent moisture, 16.5 
per cent jirotein, and 2.5 per cent fat. It is probable that wdiey protein 
curd can be converted into soft cheeses of other types or into a suitable 
base for cheese spreads. 
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Process cheese foods provide one of the largest uses for whey solids. 
The whey is added to the emulsified cheese mixture in the form of plain 
condensed or d.ried whey. Such mixtures contain at least 51 per cent 
cheese, less than 3 per cent emulsifying salts, organic acids to adjust the 
reaction to not less than pH 4.5, and a seasoning agent (24). A process 
cheese food may he made by mixing 93.5 per cent natural cheese, 5 per cent 
eondensed whey containing 65 per cent solids, and 1.5 per cent emulsifying 
salts, heating with stirring at 165"^ F., and packaging hot (114) . 

Bakery products. Products eoiitaining whey solids are superior to 
those containing no milk products, but the products containing whey solids 
usually are considered inferior to those containing whole or skim milk 
eoncentrates, However, Davies (26) has stated that in England . . the 
use of dried whey in bread-making has proved time and again that the 
size of loaf, texture, taste, and general appeal of the bread are quite equal 
to that of milk bread. ’V Any inferiority for this use of whey in comparison 
with milk is due principally to the relatively high salt and low protein of 
the whey solids, though the condition of the protein evidently is a factor. 
Concentrated whey products sometimes impart a salty, acid, or even a bitter 
taste to bread or cake. There is current interest in new types of whey 
eoncentrates developed especially for use in bakeiy products. 

Since Greenhank et al. (39) showed that high heat treatment of milk 
contrihuted to improvement of bread containing it, whey protein has been 
suspected of playing an important role in bakery j^roducts containing milk. 
Studies on nitrogen distribution have showui that more than 90 per cent of 
the whey protein is coagulated wdien milk is heated above 200® P. for a few 
minutes (42, 70, 98, 99). This relationship betwwii heat treatment and 
denaturation of the whey protein has prompted the suggestion that the 
determination of soluble or undenatured whey protein might be used as 
a test for the baking quality of dried skim milk (37, 41) . In any case, heat 
treatment of whey destined for use in baked products appears highly 
desirable. 

Processes have been patented for conditioning whey iiroteiu (86) and 
for separating it (54) for use in bread. A dry, comminuted, siftable, water- 
dispersible shortening composed of particles of fat coated with whey solids 
has been produced for use in prepared dry mixes and for other bakery 
purposes (19, 52). 

Funder (36), in an extensive study, compared the volumes of water, 
hey and skim milk breads. For each 100 kg. of^ flour, he found volume 
over water bread of 6.2 kg. for fluid whey, 13.3 kg. for whey 
in the ratio of 2 to 1, and 9.5 kg. for plain skim milk, 
workers have investigated the use of wheyJn bread (43, 56, 
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Whey may be used in a standard bi^ead formula by adding either 3 to 4 
lb. of whey solids (as flnidj plain condensed, or dried whey) or 7 to 10 lb. 
of sweetened condensed whey per 100 lb. of flour. The sugar and water 
in the formula should be adjusted to compensate for the addition of these 
ingredients in the whey. 

Whey helps in produeing a cake-like texture in sweet goods, and it may 
be added to conventional formulas for cakes and cookies (82, 136). A 
canned pudding has been developed in which as much as 22 per cent of the 
solids ai^e whey solids (13). 

Gandies. Such types of candies as fudge, caramel and taffy can be made 
with a whey solids content of 14 to 40 per cent (55, 134, 135). Plain con- 
densed, sweetened condensed, or dried whey may be used as a source of -whey 
solids. Sweet rennet-type -whey is preferred to neutralized acid whey be- 
cause of its superior flavor. Whey is especially useful in fudge ; the lactose 
on crystallizing contributes to the desired grainy texture. Whey caramels 
should be fortified with casein-containing milk solids in order to produce 
the characteristic chewy body. Whipped sw^eetened condensed whey may 
be used to incorporate air in special types of candy. A formula for 
whey fudge follows (134) : 

Sweetened condensed whey, 43 per cent; sugar, 11 per cent ; 
corn sirup, 9 per cent ; invert sirup, 3 per “cent ; butterfat, 2.5 
per cent ; chocolate, 6 per cent ; fondant, 20 per cent ; po^vdered 
lactose, 0.1 per cent; nuts (optional), 5.4 per cent; vanilla to 
flavor. Cook (wnth stirring) the condensed wdiey, sugar, 
invert sirup, and half the corn siimp. The butterfat is added 
as cream or butter after the sirup has been partly boiled down. 

Cook to 248'^ F. Cool 25 or 30° or transfer to smaller pouring 
kettles, add the remaining corn sirup, the fondant and choco- 
late, and stir Yvell for several minntes. Add the powdered 
lactose, flavoring and nuts. Stir. Pour into wooden forms. 

Spirit vinegar. It may be made from the alcohol produced by fermenta- 
tion of wdiey by the procedure described earlier. A simple distillation of 
the fermented whej^ ■will yield a dilute alcohol suitable for conversion to 
vinegar. The dilute alcohol is allowed to trickle over beech shavings or 
birch twigs impregnated with the acetic-acicl-prodncing organism.' A cur- 
rent of air passing upward through the vinegar converter accelerates the 
fermentation. 

Food acidulant. Colorless 50 per cent lactic acid is used as a food 
aeidiilant in sherbets and bottled beverages and as a preservative and firming 
agent for pickles. The production of edible lactic acid from crude acid 
is a highly technical chemical process (17). 

Whey iidter. This is made from whey cream in accordance with usual 
buttermaking procedures. The low ash and the absence of casein make 
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possible rapid cliurning. lienee, a butter of good body and texture can be 
produced by churning at a lower temperature than customarily is employed 
in churning cream from whole milk. The churning time of cream from 
whole milk can be shortened somewhat by adding whey cream. 

Pharmaceutical Uses 

Whey furnishes raw material for the preparation of several important 
pharmaceuticals, such as protein hydrolyzates and penicillin. Certain other 
products derived wholly or in part from whey and sold over the pharma- 
ceutical counter in drug stores might properly be classed as foods, such 
as lactose and infant foods. The use of lactose as a basis for pills definitely 
is a pharmaceutical use. 

Lactose. This often is added to infant foods based on cows’ milk for 
the purpose of making the composition of the food more nearly like that of 
human milk. High grade technical or USP lactose is added to modified 
cow’^s’ milk in sufficient quantity so that it has a concentration of carbo- 
hydrate that may be as great as 52 per cent of the solids of the milk. 
Such infant foods generally are either dried or canned and sterilized. 
Lactose also is sold for use in feeding formulas prescribed 'for prepa- 
ration in the home. Because the common or alpha lactose is only slowly 
solnble, it has been found, more convenient to use the more rapidly soluble 
leta form of this sugar. The resulting solution is the equilibrium mixture 
of the tw’O forms, wdiether alpha or heta lactose is used in making the 
solntion. 

Riboflavin concentrates. Eiboflavin and other materials can be purified 
and concentrated by adsorption on lactose (63, 64, 84) . By suitable choice 
of degree of super-saturation of the lactose, concentration of riboflavin, and 
working temperatures, adsorbates eoiitainiiig approximately 300 y of ribo- 
flavin per g. of lactose can be produced. It is possible to obtain even 
greater concentrations if excessive time is allow^ed for the. crystallization 
of the sugar. The mother liquor of lactose manufacture may be used for 
the preparation of ribofliavin adsorbate. After the removal of crude 
lactose that has crystallized at 140° F., the filtrate is cooled to betAveen 
40 and 50° F. and seeded -svith lactose crystals. A second crop of lactose 
er3^stallizes slowdy over a period of 24 hours and contains about 100 y of 
riboflavin per g. of sugar. By recrystallization of this crude adsorbate, 
the concentration of riboflavin can be increased to about 300 y per g. of 
lactose. 

Pemcillin, Since 1943, several million lb. of lactose have been lused each 
year as a component of the nutrient mixture in which penicillin is produced. 
Lactose acts to ensure higher yields than are obtained w^hen it is iiot 
used, but it is not essential in the process. The possibilities of substitution 
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of other carbohydrates for lactose, of syiithetic production of penicillin, 
and of the discovery of other antibiotics that will supersede penicillin 
make it seem iinlikely that lactose long" will be used for this purpose. 

Hydrolyzed lactose. Lactose hydrolysis, which produces a mixture of 
glucose and galactose^ offers the possibility of preparing a sweeter, more 
soluble form of carbohydrate from lactose for food use. Impure lactose, 
or, the lactose ill whey, when hydrolyzed by acid, yields a jiroduct which 
has a disagreeable taste and is eontaminated with whey salts, humiii and 
other products of protein hydrolysis. 

Ramsdeli-and Webb (93) in h 3 ^drolyzing pure lactose found that there 
ivas a gradual destruction of glucose as it was formed. They found the 
optimal procedure to be as follows: 

Heat 2,100 g. of pure lactose, 49 g. of N h^^droeliloric acid and 
4,851 g. of ivater to 297° F. in a pressure kettle. Alioiv 60 
minutes to reach 297° and hold 5 minutes. Add carbon black, 
filter, concentrate to 60 per cent solids, and adjust the reaction 
to pH 5,0. 

Glucose and galactose to the amount of 93 per cent of the theoretical 
are obtained. The solnbility of a mixture of equal parts of both is 42 
per cent. The maximal coneentration of a mixture of the two hexoses 
soluble at 77° F. is 58.3 per cent and consists of 49.8 per cent glucose 
and 8.5 per cent galactose. A process for making hydrolyzed lactose 
caramel has been de^sc^ibed (79). 

‘ Enzymic hydrolysis of lactose in whey and other dairy products would 
be the simplest method of reducing ' the concentration of lactose and 
increasing the sweetness of the product. The use of an enzyme obtained 
from kefir grains to treat milk products to be used in ice cream has been 
suggested by Timnbow (127). However, no adequate source of a lactase 
has been available. Browne and Webb (14) investigated a number of 
possible sources, but were unable to obtain uniformly active lactase prepa- 
rations suitable for commercial use. Current work in several laboratories, 
however, seems likel^^ to result in the preparation of an enzyme of adequate 
strength in commercial quantities. 

Hydrolyzed protein. Protein hydrol^^zates usualty are prepared by 
pharmaceutical eonipaiiies, although several of the laige dair^?- organizations 
have manufactured the hydrolj’-zate from whey protein. The flavor of the 
hydrotyzate derived from whey protein is said to be less objectionable than 
that derived from casein. Protein ma\^ be hydrolyzed hy acid, by^ alkali or 
by enzymes. The reaction is complete when all the peptide linkages are 
broken. The rate of hydrolysis is that of a second-order reaction. 

Sahyun (100) has reviewed the factors concerned with protein hydrolysis. 
Acid hy-droly^sis may be condiieted with any of several acids, although 
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sulfuric generally is preferred. Tryptopliaiie is destroyed during acid 
hydrolysis. The following directions for hydrolysis of i)rotein by acid 
and by enzyme were given by Sahyun (100) : 

Two kilograms of protein is mixed with 14 1. of 5 N (25 i^er 
cent) sulfuric acid, the mixture autoclaved at 248 F, for 16 
hours, limed to pH 10, filtered, and the residual calcium and 
sulfate ions removed. The amino add preparation then is con- 
centrated, and sterilized or dried. 


There are numerous proteolytic enzymes capable of hydrolyzing pro- 
teins. Some of the amino acids are liberated sooner than others, but 
the degradation follows the general pattern : Protein proteoses pep- 
tones peptides amino acids. 


To hydrolyze 100 g. of protein, it is mixed with 700 cc. of 
water, 10 cc. chloroform, 0.5 g. pancreas extract (trypsin), 
and sufficient 5 N (20 per cent) sodium hydroxide to produce a 
reaction of pH 8. The mixture is incubated under controlled 
conditions for 8 to 12 days, heated, filtered, concentrated and 
dried. (100) 

When proteins are hydrolyzed by alkali, no humiu is formed, as is 
the case in acid hydrolysis. However, the amino acids, with the exception 
of glycine, are raeemized, which is objectionable, since not all of the 
racemic amino acids are utilized in animal metabolism. 

TheTapeibiic products. Products consisting chiefly of the protein and 
mineral constituents of whey have been prepared by patented processes. 
One method is to preei|)itate the protein-mineral complex 'with alkali, 
separate it, wash or reprecipitate it to free it from any objectionable protein 
decomposition products, and finally dry it (95, 129). Another method is 
to precipitate electrolytically, filter, and wash and dry the precipitate. 
A product thus is obtained containing approximately 18 per cent calcium, 
6 per cent x^hosphorus and 20 per cent pimtein (22). Another therapeutic 
product consists of whey, an edestin-calcium solution derived from hemp- 
seed, and magnesium sulfate (112). 

Chemical Uses 

Lactic acid. This is used industrially in leather manufacture (142). 
The highly colored, crude grades, marketed in 22 or 44 per cent concen- 
tration, are used in diluted condition to neutralize the lime in limed hides. 
The requirements for this purpose of a weak acid forming a soluble calcium 
salt are satisfied by lactic acid. Sodium lactate solutions resemble glycerol 
in consistency and are used as substitutes for it in textile printing and 
paper-making. Ethyl, butyl and other lactate esters have use as 
solvents and plasticizers. Lactic esters can be used as starting materials 
for the production of the industrially important acrylates. 
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Buiyl alcohol, Tliis is a by-product of the fermentation producmg 
riboflavin, and its esters are useful as solvents. 
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EFFECT OF SEASON, BREED AND SPECIES OF RUMINANTS 
ON THE VITAMIN A POTENCY OP BUTTERPAT 

B. C. BAY SAEKAEI 

Animal Niitrition Sectm^ hidian Veterinary Research Institute^ Iminaga)\ TJ, F., India. 

Under Buroioean and American conditions, the vitamin A potency of 
batter from cows generally is found to be maximum in summer and minimum 
in winter (3, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 19), It also has been reported 
that the variation in potency is influenced but little by the stage of lactation 
(6, 9, 18) . Since Indian climate and feeding practices vary 
those in Europe and America, a study of the seasonal variation in vitamin A 
and some of the other constituents of milk and butterfat was considered 
desirable. 

In previous reports from this laboratory (16, 17) the effect of various 
levels of carotene ingestion on the vitamin A potency of milk and butterfat 
of Hariaiia cows was stiidied. In order to make a comparative study of 
the vitamin A potency of butterfat from different breeds and from other 
species of riimiBants, further work subsequently was carried out and some 
of the results are presented in this paper. 

EXPEUaiENTAL PROCEDURE 

The Institute dairy herd consisting of from 23 to 33 Hariana animals 
received different types of roughages, depending upon the season of the 
3 ^ear, and a concentrate mixture (wheat bran 40 parts, gram husk 20 parts, 
ground nut cake 20 parts, rape cake 10 parts, and gram chuni 10 j>arts) 
at the rate of 1,5 lb. for maintenanee and 1 lb. for each 2 lb. of milk pro- 
duced. The animals, in addition, received 1 oz. of iodized salt and 1 oz, 
of bone meal per head daily. 

The, investigation lasted from April 1, 1941, to July 15, 1942, during 
which time fortnightly analyses were made to determine the carotene con- 
tent of the feeds and the fat, carotene and vitamin A contents of the com- 
posite herd milk sample collected over a 3-day period^ from two milkings 
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a day. Tlie .milk samples Y^ere analyzed also for total solids, protein, asli, 
ealeiiim and pliosphorns from the middle of November, 1941, until the con- 
clusion of the experimeiit. Butter samples were prepared during typical 
drought periods (May and December) and green-feeding periods (Febru- 
ary and July) in both winter and summer and analyzed for the Reichert- 
Meissl, Polenske, saponification and iodine values. The methods of analysis 
were the same as those previously reported (16). 

To study the infiueuce of breed and species, short-time experiments were 
conducted with Sahiwal heifers, goats and water buffaloes. Three Sahiwal 
first-calf heifers, each weighing approximately 688 lb., were fed berseein 
ad lihiUim in addition to the regular dairy grain mixture for a period of 19 
days. The average consumption of berseem was 59 lb. and that of carotene 
was 1,009 mg. per day. Four goats, each having an average body weight of 
67 lb., I’eceived berseem in addition to a concentrate for 18 days. The aver- 
age daily eonsumption of berseem was 3,292 g. and the ingestion of carotene 
amounted to 108 mg. Two water buffaloes, each weighing approximately 
865 lb., received 50 lb. of berseem daily. The level of feeding was not ad 
liMitMj owing to the shortage of berseem, and the experimental period was 
only 11 days. The daily consumption of carotene was 785 mg. per aiiimaL 
All of the milk samples used in this work were collected from two milkings a 
day during the last 3 days of the experimental period and analyzed for caro- 
tene, vitamin A, fat, solids-iiot-f at, protein and ash. 

In calculating the total vitamin A potency of the biitterfat, 0.6 fig. of 
the carotene and 0.25 fig. of the vitamin A were each taken as equal to 1 
international unit of vitamin A (1) . 

RESULTS 

Yariaiions in vitamin A poienmj of hudUrfad. Table 1 presents the com- 
posite data for carotene, vitamin A, and total vitamin A potency of biitterfat 
for each mouth of the experiment and the level of carotene ingestion for 
each corresponding month. In general, the maximum total vitamin A 
potency was reached during July, August and September (24,734 I.U. per 
lb.) and then diminished gradually through January. The average mini- 
mum value. (16,093 I.U.) was obtained in November, December and Janu- 
ary and then the potency began to rise, reaching the maximum value in 
March (24,861 I.U.), During April, May and June, the potency declined 
rapidly but in July the potency increased markedly. The maximum in- 
crease in total vitamin A potency was 55 per cent during the experimental 
period. The variations observed in total vitamin A potency were not due 
entirely to carotene activity or vitamin A activity alone but to a combina- 
tion of both. The periodic fluctuations in carotene and vitamin A in butter- 
fat can be correlated with tlie level of carotene ingestion subsequent to 
changing the type of fodders. On the mierogram basis, the maximum and 
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iniiiimum values reported in this paper are in agreement with, those pre- 
viously reported by Ray Sarkar and Sen (16) in experiments with cow^s 
under intensive green-feeding conditions. From the data on carotene in- 
gestion (table 1) it has been calculated that a daily iiitake of about 45 lb. of 
average green fodder per cow will maintain the maximum vitamin A po- 
tenc.y throughout the year (16) . 


TABLE 1 

Seasonal variation in the vitamin A potencii of 'butter fat of JIariana cotvs 


Month 

Av. dally 
carotene intake 
per cow 

Vitamin A .potency of butterf at 

Carotene 

Yitaniln A 

Total 

(1941) 
April 

May 

(l.V.) 

541,800 

1,582 

(IJJ. twr Tb.) 
15,155 

16,737 

521,400 

1,823 

16,281 

18,104 

Jime 

695,500 

2,291 

18,844: 

21,135 

July 

990,100 

1,495,300 

2.483 

22,259 

24,742 

Aug. 

2,712 

22,126 

24,838 

Sept 

1,369,600 

2,833 

21,790 

24,623 

Oct 

507,000 

2,389 

. 18,486 

20,875 

Nov 

260,200 

1,790 

14,210 

16,000 

Bee. j 

210,700 

908 

15,301 

16,209 

(194$) 





Jan. 

450,400 

1,269 

14,802 

16,071 

Feb. 

1,268,500 

2.671 

19,786 

22,457 

March 

850,400 j 

2^814 

1,793 

22,047 

24,861 

April ............ 

379,500 

19,315 

21,108 

May 

154,800 

1,375 

16,386 

17,761 

June I 

139,800 

1,378 

16,286 

17,664 

.Tuly ............ 

1,625,400 

2,756 

18,770 

21,526 


Table 2 shows the effects of carotene-poor and earotene-rieh rations on 
the carotene and vitamin A contents and on the total vitamin A potency of 
bntterfat of cows at dih'ereiit stages of lactation. The vitamin A potency 
of bntterfat in the post-colostral period remains practically unchanged with 
the progress of lactation, provided the same level of carotene ingestion is 
maintained throughout the lactation period. This observation is in con- 
formity with that of Treieliler ei al, ( 18 ) , G illam ct al. ( 9 ) , and Brown et ah 
(6). These results indicate that the stage of lactation has little effect on 
the seasonal variation in the vitamin A potency of bntterfat. 

Seasonal effect on the quality of 'bntterfat. A limited number of chemi- 
cal constants W'Cre determined on the bntterfat samples prepared at different 
seasons of the year. These results are summarized in table 3. The data 
indicate that within the same season, the iodine values increase when green 
fodder is included in the ration (samples 2 and 4), whereas the Polenske 
values increase during the summer months (samples 3 and 4). Apparently 
neither the feeding of green fodder nor season had any appreciable, effect 
on the Reichert-MeissI or saponification values. The Reiehert-Meissl num- 
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ber, however, seems to be significantly lower and the iodine number signifi- 
cantly higher than that reported for western butterfat. The Polenske value 
tends to be lower but the saponification number is the same as that reported 
for western butterfat. These observations, however', are tentative and must 
be confirmed by future experiments. 


TABLE 2 

Effect of stage of lactation on carotene and vitainin A contents of the 
butterfat of Eariana com 


Ko, 

of 

cows 

Month 

of 

lactation 

Av. daily 
milk 
yield 

Av. fat 

Vitamin A potency of butterfat 

Carotene 

Vitamin A 

Total 



(lb.) 

(%) 

(I. E. per lb.) 



Cows receiving earotene-poor 

rations 


5 '■ 

1 ■ 

12.0 

5.2 • 

785 

14,876 

15,661 

■ 2 

2 

12.5 

4.8 

708 

14,876 

15,584 

5 

3 

11.4 

4.8 

785 

15,242 

16,027 

2 

4 

15.5 

4.7 

729 

14,144 

14,873 

3 

6 

9.7 

5.2 

652 

15,775 

16,427 

1 

7 

4.0 

4.5 

776 

15,232 

16,008 


Weighted av. 



748 

15,066 

15,814 



Cows receiving carotene-ricli 

rations 


5 

3 

11.8 

4.5 

2,712 

21,660 

24,372 

. 4 

4 

10.3 

4.5 

2,349 

21,717 

24,066 

■ 5 ■ 

5 

9.0 

4.4 

2,590 

21,548 

24,138 

■ - 4 ■ 1 

6 

7.5 

4.9 

2,692 

^ 21,484 . 

24,176 

£■ 

7 

9.0 

4,9 

' 2,481 

21,412 

23,893 

■■ ■ 1',' ^ 

8 

9.0 

4.5 

2,242 „ 

, 21,791 

24,033 


Weiglited av. 



2,566 

1 21,594 

24,160 


Variations in other ?mlk constituents. The variations in the quality of 
milk at various seasons as measured by differeuees in some of the main 
constituents are shown in table 4. The maximum, minimum, and average 
values obtained during the experimental period •were 5.6, 4.5, and 4.9 per 

TABLE 3 


Che7nical constants of the hiitterfat from herd millc at different seasons 


Sample I 
no. 

Month 

Eelchert-Meissl 

value 

Polenske ^ 
value 

Saponidcation 
value . 

Iodine 

value 


'■>' .Dec.,-' 



I ■ ■''■'.,^:22e.0r:’ ' 

30.0 

■ 2' 

Eeb. 

■23.5:;' -' f: 


! ' .'Ssei'. 

40.0 


' May 

24.0 

2.2^ 

227.0 

, 37.0 . 

■ : i 

duly 

,23.4 

'■ -,' ■'2.2 ■■■ ^•■■■' 

1 226.8 

' 39.3 


cent for fat; 8.97, 8.62, and 8.75 per cent for solids-not-fat;-3.70, 3.43, and 
3.53 per cent for pi-otein; 0.808, 0.729, and 0.771 per cent for ash; 0.150, 
0.125, and 0.138 per cent for calcium; and 0.107, 0.091, and 0.100 per cent 
for phosphorus, respectivelj^ However, the mean fat percentage for the 
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15. 5-moiitli experimental period waB 4.8. The fat content tended to reinaiii 
at a higher level during November, December and January, when a seasonal 
decline in milk production occurs due to the marked drop in temperature. 

TABLE 4 


Composition of herd mills at different seasons of the year {Mariana cows) 


Period 

Fat 

S.N.F. 

Protein 

Ash 

Ga 

P 

(mfi) 

(%) 

(%) 

(%) 

(%) 

■(%) 

(%) 

Nor. 16-30 

5,6 

8.7S 

3.50 

0.788 

0.150 

0.104 

Dee. 1-1 5 

5.4 

8.68 

3.45 

0.729 

0.143 

0.096 

16-3] 

5.1 

8.87 

3.43 

0,793 

0.138 

0.098 

(1943) 







Jan. I-IS 

5.2 ■ 

8.97 

3.70 

0.778 

0.138 

0.103 

16-31 

5.2 

8.84 

3.01 

0.778 

0.148 

0.097 

Feb. 1-15 

4.8 

8.70 

3.56 

0.780 

0.140 

0.107 

16-28 

4.7 

8.62 

3.48 

0.769 

0.133 

0.105 

March 1-15 

4.8 

8.77 

3.60 

0.780 

0.143 

0.105 

16-31 

4.5 

8.78 

3.52 , 

0.769 

0,143 

0.107 

April 1-15 

4.6 

8.70 

3.45 

0.760 

0.140 

0.100 

16-30 ... 

5.0 

S.64 

3.48 

0.808 

0.145 

0.099 

May 1-15 

4.7 

8.78 , 

3.50 

0.769 

0.128 

0.091 

16-31 

4.8 

8.64 

3,48 

0.760 

0.125 

0.093^ 

June 1-15 

5.0 

8.73 

3.52 

0.740 

0.143 

0,105 

16-30 

4.7 

8.70 

3.47 

0.788 

0.140 

0.098 

July 1-15 

5.0 

S.S5 

3.60 

0.770 

0.129 

0.102 

16-31 

4.7 

8.72 

* 3.67 

0.747 

0.128 

0.091 

AV. 

4.9 

8.75 

3.53 

0.771 

0.138 

0.100 


There also were differences of 20.0 and 17.6 per cent, respectively, between 
the lowest and highest calcium and phosphorus values. Apart from the 
relatively wnde percentage differences in fat, calcium and phosphorus, the 
changes in the other constituents were slight. 


TABLE 5 

The various constituents in mills and the carotene and vitamin A contents of 
tiitterf at from lieifersy goats ancJ buffaloes 



Heifers 

Goats 

Buffaloes 

Milk yield , 

10.6 lb. 

383.5 ml. 

16,2 lb. 

Fat (%) ! 

6.5 

5.1 

: 7.9 

S.N.F. (%) 1 

; 8,59 

9.28 

9.90 

Protein (%) | 

3.73 

4.54 

4,03 

Ash (%) 1 

1 0.750 

0.897 j 

0.856 

Carotene (1.11.)*^ 

.V:..': - :: 2,782 

Trace' '■ 

Trace 

Vitamin A ! 

23,050 

- 26,498 

17,879 

Total potency (I.U.)a ' 

^25i832.- .::;-| 




a Per lb. of butterfat. 


Gcmstiiuents in milh and huUerfai of heifers^ goats and buffaloes. The 
data pertaining to the amounts of various constituents in milk and the 
carotene and vitamin A in butterfat from the three species are shown in 
table 6. Although the number of animals is small, it may be said that the 
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various species do differ in regard to the secretion of the various constituents 
in milk. This observation is not new. The interesting fact is the^ trace of 
carotene in the hutterfat from goats and buffaloes, an amount which is not 
measurable quantitatively by the usual colorimetric method. Considerable 
individual variation in the vitamin A content also was noted in the case of 
each species. So far as total vitamin A potency of butterfat is concerned, 
goats and cows are almost- equally efficient. It was observed subsequently in 
the case of the goats that the same potency could be attained even at a level 
of 60 per cent of the original carotene ingestion. The vitamin A potency 
of the butterfat of the bulfalo was eomparatively low. A time comparison 
could not be made because the level of carotene ingestion was not high 
enough owing to the shortage of green fodder. , Subsequent studies with 
other animals under heavy green-fodder feeding have shown, however, that 
buffalo butterfat might contain as much as 20,480 I.U, per lb. as compared 
to 25,000-26,000 I.U. in the case of butterfat from cows and goats. 

A comparison of the figures previously obtained for carotene and vita- 
min A in the hutterfat from Hariana cows shows that the vitamin A potency 
is the same for the Sahiwal and Hariana breeds (16) when calculated on 
the same basis. The concentration of vitamin A in the butterfat of cows 
so far examined compares fairly well with that found for some western 
breeds (2, 4, 9), but the picture is different with respect to carotene. The 
two Indian breeds studied so far definitely secrete less carotene in butterfat. 
It is difficult to say without fiirtlier experimentation wdiere this physiological 
difference lies. In view of the lack of knowledge regarding the fate of 
carotene in the rumen, much importance has not been given to the value of 
about 70 per cent apparent fecal excretion in the ease of cows and goats, 
as determined incidentally. If the rest of the carotene were absorbed, then 
the recovery of absorbed carotene as carotene and vitamin A in milk would 
amount to about 3.5 per cent. This value is practically the same for the 
heifers and goats under comparable feeding conditions. There is very little 
carotene in the plasma of goats as compared to 0.891 mg. per cent in the 
plasma of the Sahiwal heifers. Oii the other hand, the blood plasma levels 
of vitamin A were 0.170 mg, and 0.157 mg. per cent, respectively, for heifers 
and for goats. Buffalo blood was not examined in this connection. Goats 
and buffaloes possibly convert more of the absorbed carotene into vitamin 
A, which is readil.y transmitted into the milk. 


SITMMAEY 

The seasonal variations in vitamin A potency of butterfat and other 
consituents in herd milk of Hai’iana cows have been investigated. The 
vitamin A potency varied with the level of carotene intake., The potency 
was maximal in the monsoon periods (July, August and September) when 
the cows were getting sufficient carotene from grazing and again during the 
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winter months (February and March) when large quantities of cultivated 
fodders were available. The average maximum total potency approximated 
24,972 I.U. per lb., of which 2,700 I.U. were due to carotene. The average 
minimum potency of 16,093 I.U., of which 1,322 I.U. “were due to carotene, 
was obtained in November, December and January, when A^ery little green 
feed Avas available. The maximum variations in carotene, vitamin A, and 
total vitamin A potency 212.0, 56.6, and 55.0 per cent, respectively. 
The vitamin A potency was not influenced by the stage of lactation. 

Except for fat content, which Avas about 25 x}er cent higher in NoA^ember, 
December and January, and for calcium and phosphorus, the solids-not-fat, 
protein and ash content of the milk remained uiiehanged throughout the 
experimental period. 

The Poleiiske values of the butterfat Avere higher in summer than in 
AAunter but the Reiehert-Meissl and saponification Amines did not shoAv any 
seasonal change. The saponifleatioii Auxlue AAms the same as that reported 
in the literature for American butterfat, but the Reiehert-Meissl number 
Avas approximately 20 per cent loAver and the iodine number AAms about 10 
per cent higher. The inclusion of green feed in the ration tended to in- 
crease the iodine Amine. 

There Avas practically no difference in the carotene and Autamin A con- 
tents of butterfat from the coavs of the Hariana and Sahiwal breeds. Al- 
though butterfat from goats contained only traces of carotene, the Adtamin 
A content Avas as high as the total potency in the butterfat from cows. Buf- 
falo butterfat examined in this investigatioii resembled that of goats in re- 
spect to carotene, but the vitamin A content AArns comp arath^ely low. 

The author is indebted to Dr. K. C. Sen for generously supplying all 
of the facilities needed in the course of this investigation. Further acknoAvl- 
edginent is made to Professor C. W. Diinean, Dex^artment of Agricultural 
Chemistry, Michigan State College, for many helpful suggestions in the 
preparation of this manuscript for xmbiication. 
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PARTUEIBNT PARESIS. II. THE EFFECT OP PARTIAL VERSUS 
COMPLETE MILKING UPON THE TOTAL BLOOD SERUM 
CALCIUM OP DAIRY COWS AT PARTURITION^ 

VEAEL E. SMITH and E. P. NIEBEEMEIEE 
DeparUnent of Dairy Eushandry 
AND 

E. G. HANSEN 

Department of BiocJmmstryf XJnwersUy of Wisconsin, Madison 

A common practice among dairymen is to partially milk cows for a few 
days following parturition, because it is believed to reduce the incidence of 
parturient paresis or milk fever. Several workers (2, 3, 6) have demon- 
strated that air inflation of the udders of cows with parturient paresis re- 
sults in an increase in the total serum calcium and generally brings about 
recovery. When air pressures equal to 25 to 40 mm. Hg were maintained 
in the udder, inhibition of milk secretion was almost complete (4, 5). The 
efficacy of the air inflation treatment for parturient paresis has been at- 
tributed to resorption of milk or cessation of milk secretion caused by in- 
creased intramammary pressure, thereby preventing a further uptake of 
calcium by the mammary gland. As a result of these studies, the belief 
has become prevalent that the incidence of parturient paresis could be 
lowered if some milk was left in the udder to maintain pressure. This study 
was tuidertaken to learn the effect of comx)lete milking immediately follow- 
ing parturition upon the incidence of parturient paresis and total blood 
serum calcium. 

EXPERIMENTAL PROCEDURE 

Cows used were of the Holstein, Guernsey and Jersey breeds. They were 
divided into two groups by alternating cows within each breed. The cows 
in the partially milked group were managed in the conventional manner by 
permitting the calves to remain with the cows for 3 clays following calving. 
About two-thirds of the milk was removed from the udders of this group 
beginning the day after calving. Complete milking began the fourth day 
subsequent to calving. ' 

Calves were removed from the dams in the completely milked group 
before nursing, and the cows were milked completely with the aid of an 
intravenous injection of 10 I.U. of oxytocin from 1 to 3 hours after calving. 
.The cows then went on the regular two-time milking schedule and were in- 
Beeeived for publication October 27, 1947. 

1 Published with the, approval of the Bireekor of the Wisconsin Agricultural Experi- 
ment Station. 
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a Hither blood sample was not drawn or was destroyed accidentally. 
Treated for milk fever before blood samrjle was taken. " ; 
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jeeted intravenously with oxytocin at each milking for 5 days subsequent 
to calving. 

TABLE 2 

xiverage total Mood ser um calciu m 


Total blood serum calcium — ing. % 

Days prepartuin 

Day o.f 
partu- 
rition 

-Days postpartum 

5 1 4 a j 2 1 

1 1 2 1 3 1 4 j 5 


Eemarks 


J erseys 

Completely milked group 


Av. 11 cows 

10.1 

10.2 

10.2 

'10.0 1 

9.9 

-7.0 

7.6 

8.6 

9.4 

9.7 

i 9.S 

3 eases milk 
fever 

Partially milked group 

Av. 11 eowvS 

10.1 

IQ.l 

10.7j 

10.4 

9.8 

6.5 

7.1 

9.1 

10.8 

10.2 

10.2 j 

S eases milk 
fever 

Both groups 

Av. 22 COWS - 1 

10.1 

10.2 

10.4 

1 

10.2 

9.8 

7.0 

7.3 

8.8 

9.8 

10.0 

10.0 

11 eases milk 
fever 

Guernseys 

Completely milked group 

Av. 9 cows jlO.8 

10..3|l0.2 

jlO.4 10.1 
Partially 

1 8.8 

9.2 

9.7 1 9.c|l0.0|l0.l| 


milked g 

TOUp 

1 9.8 


Av. 11 cows 

9A|i0.4|10.2|iO.()| 9.9| ' 9.0 

1 9.4 

9.9 

9.8 

10.0 1 

Both groups 

Av. 20 (jows ]0.l|l0.3|l0.2 

10.2 

|l0.0 8.9 1 9.8 

9.5 1 9.8 1 9.9 

lO’.O 



Holst eins 

Completely milked group 


Av. 7 cows |l0.l|]0,u|l0.4|]n.o| 9.S| 9.0 | 8.4| 9.3|l0.]| 9.8|]U.3| 

Partially milked group 


Av. 7 cows 

11.1 

10.2 

10.5 

10.3jl0.3' 

9.5 

ll!j 

9.9 

: 9.9 ' 

10.2 1 9.9 1 


Both groups 


Av. 14 cows 10.4|l0.4|l0.5 10.4|l0.o| '9.2 j 9.l| 9.0 10.0 |l0.0|l 0.1 1 


Summary of all breeds 


Av. 27 completely ' 
milked cows 

10.2 

10.3 

^ ' i 

10.2' 

i 

10.3 

9.9 

8.3 

8.4 

9.1 

''9.6 

1 

9.8 

|io.o: 

■ i 

1 3 eases milk 
! fever 

Av. 29 partially 
milked eo’ws 

10,2| 

10.2 

, ' : ' i 

10.4 

10.2 

9,9 

8.2 

8.5 

9,4 

10,1 

10.1 

10.0 

8 eases milk 
fever 


Venous blood samples were taken daily for 5 days previous to the an- 
ticipated day of parturition and for the first 5 days subsequent to calving. 
Blood samples wTre drawn within an hour of the same time daily. Total 
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blood serum calcium was determined by a modificatibn of tbe Clark-Collip 
method (1). ^ 

The experiment ran from June, 1945, until May, 1947, and included a 
total of 56 cows, of which 29 were in the partially milked group and 27 
HI t le completely milked group. All cows of the three breeds mentioned 
les emng in the experimental herd were included, with the exception of 
rst-calf heifers, which rarely if ever have pai’turient paresis. 

A ease was not diagnosed as parturient paresis or milk fever unless the 
con was down ’ or in a coma with typical symptoms. Two cows in the com- 
pletely milked group showed mild symptoms of milk fever but never went 
Clown and recovered without treatment. 

EESTILTS 

Bata for the Jerseys of both groups are presented in table 1. The 
average figures of total blood serum calcium for’ both groups of all breeds, 
s weU as a summary of all breeds, are presented in table 2. The complete 
aata tor the other breeds are not presented, as all .eases of milk fever 
ceurre within the Jersey breed. The over-all incidence of the disease was 
• per cent, with eight eases of milk fever occurring in the partially 
u ! Ti and three eases in the completely millied group. The Jersey 

reed had an incidence of 50 per cent, with 27.3 per cent in the completely 
Uked group and 72.7 per cent in the partially milked group. Two of the 

thor^ partially milked group) died, al- 

lough ca cium treatment was administered. Cow no. 713 developed a case 

cetosis, for which treatment proved ineffective, and this was the 

mtimate cause of her death. 

exhibited a characteristic drop on 
div'^^T ^ gradual return to normal by the fourth or fifth 

breed evident in the Jersey 
Led^ ! clifferenee in the averages of the Holstein and Guernsey 

PWlld each oa“ ™ 

SUMMARY 

immediately following parturition did 
seruTV) n iiiGideiiee of parturient paresis or was the average total ^ 

seium calcium greatly different for the two groups. 

blood**!nir”t^^^T-/”r calcium were made on samples of 

cows of +1“ 1 ^ completely milked group and 29 

of norti 'r I ^01' b days prior to the anticipated day 

Of parturition and for 5 days following calving. 

the corn 1 °+^^ ®bowed mild symptoms and three had parturient paresis in 
p. e e y mi ie group. Eight cows in the partially milked group had 
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parturient paresis. All cases of parturient paresis occurred in tlie Jersey 
breed. 
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THE VALUE OF HYPOCHLORITE AND QUATERNARY AMMO- 
NIUM COMPOUNDS, WHEN USED IN UDDER WASHES, 

IN REDUCING TPIE PLATE COUNT OP MILIC*^ . 

E. M. KESLEE, G, H. WATEOUS, JK., C. B. KNOBT, and P. S. WILLIAMS 

Dejmrtment of Dairy Hiishandryj The Pennsylvania State College, StatG College 

Various bactericidal agents now are in general use in solutions for wasli- 
ing the udders of cows prior to milking. Comparatively little information 
is recorded regarding their value in reducing the plate count of the milk 
produced. Seales and Kemp (6) reported that 2 minutes was too short a 
period for chlorine to yield dependable sterility. Other workers, Bryan 
et al, (2) and Waugh et aL (9), have shown that no viable organisms were 
present in recommended coneentratioiivS of chlorine. Spurgeon et aL (8) 
compared the bactericidal activity of hypochlorites and qiiaternary ammo- 
ninm componnds. When ai)plied to teats which had been inoculated with a 
suspension of Streptococcus agalactim, these germicidal solutions did not 
eliminate all the oi’ganisms present but did destroy 90 per cent of those 
that would have remained after ordinary rinsing of teats with non-germi- 
eidal solutions. Mueller et al, (5) found that approximately 0.3 per cent of 
cow feces or nonfat milk solids produced a significant decrease in germicidal 
potency of a 200 p.p.m. quaternary ammonium solution. Keith and Reaves 
(4) washed udders with quaternary ammonium compounds, chlorine, and 
plain water. They believe the quaternary ammonuim compounds are effec- 
tive sanitizing agents. Byers and Ewalt (3) reported a reduction of 34.2 
per cent in tbe plate count of milk produced when the udders of cows were 
washed with chlorine solutions. 

Definite information relative to the value of solutions of these substances 
in washing the udders of dairy cows previous to milking apparently is 
needed. 

EXPERIMENTAL PEOCEDURE 

Four groups of five cows, each as similar as possible on the basis of level ‘ 
of milk production, age, and stage of lactation, were selected. All were fed 
and managed alike. Their udders were washed with clean -water prepara- 
tions as follows: Water alone, 200 p.p.m. chlorine, 400 p.p.m. chloiune, 200 
p.p.m. quaternary ammonium compound, and 400 p.p.m. quaternary am- 

Beceived for publication November 0, 1947. 

1 The experimental data in this pax)er are taken from a thesis xnesented by E. M. 
Kesler in partial fulfillment of the requirements for the degree of Master of Science in 
Dairy Husbandly, Pennsylvania State College. 

2 Authorized for publication October 31, 1947, as paper no. 1402 in tlie Journal 
Series of the Pennsylvania Agricultural Experiment Station. 
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moniiim compound. A generally used commercial sodium liypocUorite 
powder was used for preparing the chlorine solution. Similarly, a widely 
used commercial preparation containing 10 per cent alkyl-dimethyl benzyl- 
ammonium chlorides of high molecular weight was used as a source of 
quaternary ammonium compounds. Two gallons of each of these solutions 
were prepared at a temperature of 125'' F. just prior to milking, using 
amounts of the bactericides in accordance with manufacturers’ directions. 
A clean turkish towel was used for each solution. Washing was done 
throughout by the same person. The udder and flanks of the cow were 
scrubbed thoroughly with the towel, which had been removed from the solu- 
tion and folded wet. The cloth then was rinsed in the solution, wrung dry, 
and used to wipe the udder. Only one cow was washed with each water 
preparation. Two streams of milk were removed from each teat into a 
strip cup. The milking machines were attached 1 minute after “the washing 
was begun. 

Previous to each milking time the milking machines were taken apart 
and scrubbed thoroughly with a detergent. They then were rinsed in clear, 
warm water, reassembled, and the complete unit autoclaved at 15 lb. pres- 
sure for 20 minutes. Before autoclaving, each teat cup was covered with 
paper foil which was not removed until the machine was to be attached 
to the udder. Milking was done by the same persons and at the same time 
each evening. All five cows were milked simultaneously. Each cow was 
milked dry and machine stripped only. 

When the machine was removed from the cow, a sample of the milk was 
obtained from the pail with a sterile milk thief and placed in a sterile sample 
bottle. The samples were iced until plated. They were transported to the 
laboratory and plated on tryptone-glueose-extract-milk agar within 0.5 
hour. Plating and counting were done according to Standard Methods 
for the Examination of Dairy Products (1). This procedure was repeated 
5 days with treatments randomized in a Latin square design so that no 
cow received tiie same treatment more than once. Use of the five machines 
was randomized so that the same machine was used only once on each cow 
and only once with each treatment during the individual trial. 

A separate Latin square design and different, cows were used for each 
of the first four trials. This experiment was conducted on only the evening 
milking. During the last period, it seemed desirable to determine the 
difference in response, if any, between evening and morning milking. This 
will be designated as Trial V, which followed the same Latin square design 
and used the same cows as Trial IV and was run on the mornings of the 
same days. 

RESULTS 

During the course of Trial I, one cow suffered an attack of acute mastitis. 
In 2 days, the bacteria per ml. in her milk increased from around 1,000 to 
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70,000. On two occasions tlie milker allowed tlie teat caps to touch the 
bedding as he was attaching the machine. This resulted in visible sawdust 
in the milk and exceptionally high plate counts. The results on this trial 
are shown in table 1. An analysis of variance run on the data showed no 
significant difference between treatments, possibly due to the small niiniber 
of observations. 


• TABLE 1 

The plate counts of millc ohtamed in trial Ja 


Cow 

no. 

Bayl 

1 Day 2 

Day 3 

1 Day 4 

Day 5 

1 

Qiiat. ainnioniiim 

Chlorine 

Chlorine 

Qnat. ammoninm 

Water 


200 p.p.m. 

400 p.p.m. 

200 p.p.m. 

400 p.p.m. 



• 760 j 

740 

610 

1,300 

1,700 

2 

1 Chlorine 

Qiiat. ammoninm 

Chlorine 

Water 

Qnat. ammonmm 


200 p.p.m. 

400 p.p.m. 

400 p.p.m. ^ 


200 p.p.m. 

! 

1,100 ; 

1,000 

9,S0di> 

1,000 

70,000b 


Water i 

Olilorine ; 

Qnat. ammoninm 

Chlorine 

Qnat. ammonium 



200 p.p.m. 1 

200 p.p.m. 

400 p.pj.m. 

400 p.xD.ni. 


540 

740 1 

1,900 

1,500 1 

650 

4 

Chlorine ; 

Water 

Qnat. ammoninm ' 

Qnat. ammoninm 

Olilorine 


400 p.p.m. ' 


400 p.p.m. 

200p.p.in. 

200 p.p.m. 


1,700 

1,100 

' 510 

1,600 

840 

'■ 5 ' 

1 

1 

Quat. ammoninm 

Water 

Chlorine 

Olilorine 


400 p.p.m. 

200 p.p.m. 


200 p.p.m. 

400 p.p.m. 


1,900 

2,000 

92,000c 

60,000c 

1,100 


a Expressed as bacteria per ml. 
Mastitis. 

c Teat cup touched bedding. 


Trials II, III, IV and V were run with no further oecurrenee of con- 
tamination. Data for the five trials ai^e shown in table 2. The mean figures 
shown for Trial I exclude the four instances w^hen the count was high due to 
uncontrolled influences. 

TABLE 2 


The effect of hypochlorite and quaternary ammonium sohiiions, n?hen used in udder 
washes j upon the plate count of miller ' 


Trial 

no. 

Chlorine 

200 p.p.m. 

Chlorine 

400 p.p.m. 

Quarternary 
ammonium 
200 p.p.m. 

Quarteriiary I 
ammonium ] 
! 400 p.p.m. 1 

Water 

I 

823b ' 

■1,260b 

1^5656 

1,072 

1,085b 

II 

2,208 

2,3-70 1 

2,812 

2,756 

1,946 

III 

J 1,438 

1,372 

930 

1,448 . 

1,528 

IV 

1 2,461 

1,109 

2,176 

1,198 


. V 

5,821 

2,170 

2,234 

1,180 

1,390 

Mean 

2,550 

1,656 

1,943 

1,531 

1,625 


« Mean of 5 observations on each treatment expressed as bacteria per ml. 
^ Mean of 4 observations. 
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An analysis of variance was run on Trials II, III and IV, -wliicli repre- 
sent the trials on evening milkings with no data missing. No significant 
difference in treatments could he observed. There was a highly significant 
difference between cows. 

An analysis then Avas run on all five trials, using the missing data tech- 
nique (7) for Trial 1. Again there was no statistically significant difference 
between treatments. The variations due to cows “were highly significant. 

A comparison of the evening and morning counts between Trials IV and 
V was made. The mean count for the 25 morning observations was 2,559 
bacteria per ml. ; for the corresponding evening counts the mean was 1,824. 
This difference was not statistically significant. 

summary AND CONCLUSIONS 

The effect of various udder w’^ashes upon the plate count of milk was 
studied using* two concentrations of chlorine, two eoncentrations of quater- 
nary ammonium, and clean w^ater. Milking was done with previously auto- 
claved milking machines and the raw milk plated on tryp tone-glucose- 
extract-milk agar before growth could take place. No differences in count 
could he attributed to treatments. A large degree of variation w’^as observed 
between individual cows. On 25 pairs of observations, no sigiiifleant dif- 
ference in counts could be observed between night and morning milkings. 
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THE NUTRITION OP THE NEWBORN DAIRY CALF. I. CHANGES 
IN THE TRYPTOPHAN CONTENT OP THE BLOOD 
PLASMA FOLLOWING BIRTH AND THE 
INGESTION OP COLOSTRUM 

T. S. SUTTON AND G. C. ESHi 

Department of Dairy Husdandry and the Institute of Nutrilion and Food Technology, 
The Ohio State Dniversity and The Ohio AgrieuUural Experiment Station 

Recent work at the University of Illinois (6) has shown that calves do 
not require a dietary soiiree of nicotinic acid when fed a nicotinic acid-free 
synthetic milk. These e^^lves were placed on a synthetic milk diet after 
receiving colostrum for 48 hours and were continued on the experimental 
diet for 12 weeks. A study of the uinnary excretion of nicotinic acid and 
its metabolic products, nieotinamide, nicotinurie acid and N^-meth 3 ^hiicotin- 
amide, showed that the total excretion dropped rapidly following colostrum 
feeding, and then remained at a fairly constant level throughout the re- 
mainder of the experimental period. 

Contemporary wwk (7, 9, 10) has provided evidence that tryptophan is 
the preeursoi’ used in the m vivo synthesis of nicotinic acid. The rela- 
tively high blood plasma nicotinic acid values observed following a 48-lioiir 
colostrum-feeding period by the Illinois workers (6), plus the fact that 
other "workers (8) have reported rather low nicotinic acid values for eows^ 
colostrum, suggest the desirabili^ty of studying the tryptophan content of 
colostrum and the changes which occur in plasma concentration following 
colostrum feeding. 

A review^ of the literature revealed no information on the eoncentratioii 
of tryptoplian in eolostrum or in newborn calf blood plasma. However, 
it is known that the proteins of milk are relatively ivell supplied with this 
essential amino acid. Data in the literature show 0.31 to 0.32 per cent of 
tiyptophan ill wdiole milk powder (3), from 1.09 to 1.31 per cent of trypto- 
phan in casein (2, 3, 4, 5, 11), and from 1.74 to 2.66 per cent tryptophan 
in lactalbumin (2, 3, 4, 5), The nature and coiieentration of proteins in 
cows’ eolostrum suggest that it should supply an abundance of tryjotophan 
for the nutrition of the newborn calf. 

EXPERIMEKTAL PKOCEDURE 

Tryptophan determinations were made on the first- and second-milking 
colostrum from 10 cows and on the blood plasma of 13 calves at the time 

Received for publication November 7, 1947. 

^ A graduate student at The Ohio State University supported by the Ooveruinent of 
■ Intlia. ■■■ 
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of birtli aad oil the third, seventh, and fourteenth day following Hrth. 
Determinations also were made on the blood plasma of 10 of these calves 
on the twenty-first day following birth. These calves all were born in the 
Ohio State Dniversity Dairy Herd during Aiignst and September, 1947. 
Tryptophan determinations also were made on the whole milk and blood 
plasma of 15 cows for comparison. Sample>s of the colostrum as well as of 
the milk w^ere taken from the complete milking. 

The 2 ^-dimethylaminobenzaldehyde method of Bates (1) as modified by 
Graham et al. (2) was employed for tryptophan estimation. An Evelyn 
photoelectric colorimeter with a 550-mp- filter was used. TJae K value was 
obtained by carrying out the procedure with known quantities of Z-trypto- 
phan^ and checked with known quantities of d-Z-tryptophan.® 

' EESUUTS' , 

The analytical data obtained are presented in the tables. It will be 
noted that the tryptophan level in blood plasma is quite low in the newborn 
calf, averaging 0.46 nig. per g., wet basis (table 1). In every instance there 

TABLE 1 


Changes m the MooS plasma try ptopha7i of calves following MrtJi 


Calf no.a 

Blood plasma tryptophan 

Age in days 



1 7 

14 1 

21 

‘ ' 


42S 

1' .. 0.46 : ■ 1 

1.05 

LIO ' 

1.04 

0.86 

41S 

! ■ 0.46 ■ 

O.S)0 

1.05 I 

0.84 

0.75 

50311 

0.47 . 

1.16 

1.16 

0.99 

0.82 

43S 

0.43 

0.55 

0.65 

0.62 


355A 

; :0.56 ■ : 

■v 1,28 

1.01 

0.92 

0.96 

357A. ' 

-0.70 ■ ■■'; 

1.43 

1.53 

1.43 

1.12 

329G 1 

0.41 i 

0.71 

0,74 

0.66 

0.64 

330G ! 

0.41 1 

1 : ^-^O.Sl 

0.84 

0.91 

0.55 

331G 1 

0.45 1 

0.87 

0.82 

0,70 

0.81 

332G i 

0.44 

0.95 

0.77 

0.47 

0.89 

272J i 

0.40 

0.98 1 

0,86 

0.76 

0.76 

373J 

0.48 

, 0,70 ■' / ■ 1 

0.91 

0.76 


507H 

0.34 

■ : . ■ 0.81; 

1,14 

1.09 


Av. i 



0.96 

0.86 

0,81 


a The letter following the number designates breed : S = Brown Swiss, H = Holstein, 
A =: Arjshire, G - Guernsey, J = Jersey. 

^ These samples all were taken before the first feeding of colostrum. 

«Wet basis. 

was a marked increase during the first 3 days, and the average on the third 
day was approximately double that of the newborn calf. The highest aver- 

s Supplied through the courtesy of Dr, E, E. Deatherage, Department of Agricultural 
Chemistry. 

» Supplied through the courtesy of Merck and Go., Bahway, New Jersey. 
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age level was observed on the seventh day, following which there was a slight 
decline. At no time during the first 21 days was a level attained which was 
as high as that of the adult cow, although in a few instances on the third, 
seventh, and fourteenth days values were recorded which w^ere within the 
range found for adult cows, as showm in table 2. 

TABLE 2 


Tryptophan content of hlood plasma and •miljc of dairy cows 


Cow llO.a 

Lactation no. 

Bays in milk 

Blood plasma 
tryptoplian 

Mlk 

tryptoplian 

191A 

10 

44 

■/?■)'' 

1.04 

0'.78 

214A 

10 

146 

1.80 

0.82' 

269A 

4 

35 

1.38 

0.62 

410H 

3 

75 

1.54 

0.71 

433H 

2 

218 

1.20 

0.73 

460H 

1 

13 

1.20 

0.68 

277G 

3 

28 

1.02 

0.70 

221G 

6 

250 

1.55 

0.84 

275G 

2 

16 

1.39 

0.78 

19S 

1 

69 

1.20 

0.69 

ns 

-3 , ' 

236 

1.53 

0.81 

78 

9 

39 

1.51 

0.75 

335 J 

■■ 1 

17 

1.12 - 

0.82 

337J 

1 

48 

1.60 

0.75 

325J 

2 ' 

48 

1.20 

0.87 

■ Av.- ■ 



1.38 

0.75 


a The lettei’ following the number designates breed; A =: Ayrshii’e, H = Holstein, 
G- = Guernsey, S Brown Swiss, J =: Jersey, 
b Wet b.ms. 


Table 3 shows colostrum to be a rich source of tiyptoplian. On a WTt 
basis, flrst-milldng colostrum contains about five times as much as normal 
milk. Second-“milldng colostrum is about three times as high in tryptophan 
as normal milk. One pound of average first-milking colostrum would pro- 
vide approximately 1.74 g. of tryptophan, while a pound of normal milk 
would supply only about 0.34 g. 

The tryptophan content of a 20-ib. lot of fat-free moisture-free eoiostnim 
which had been obtained from the first and second milkings of several cows 
was compared with that of samples of spray-dried and drum-dried commer- 
cial nonfat-dry-milk solids. Analyses of these materials gave results of 
13.5, 7.9, and 7,7 mg. of tryptophan per g. for the dry colostrum, the spray- 
dried powder, and the drum-dried pow^der, respectively. These results are 
in agreement with what one might expect, since a greater proportion of the 
nonfat solids of eolostnun is protein and a greater proportion of the protein 
of colostrum consists of fractions which are somewhat higher in tryptophan 
than casein. 

These results suggest that the high excretion rate of nicotinic acid and 


its metabolic products found by the Illinois workers (6) may have resulted 



186 


T. S. SUTTGlSr AND O. C. ES.H 

from tlie try ptoplian consumption during the fii'st 48 hours. It seems 
logical to assume that nicotinic aeici synthesis in the very young calf must 
be dependent upon some dietary precursor since microbiological synthesis 


TABLES 

TryptopJimi content of colostrum 


CoAv no. 'A 

Tryptophan 

1st milking 

2ndmil]dng 




373A 

4.61 

3.15 

265A 

4.60 

' . ■ '2.42 ■ 

191 A 

4.62 

3.26 

269A 

6.94 

3.93 

273H 

4.32 

3.55 

404.H 

' 2.82 

2.30 

460H 

4.90 

3.16 

337J 

1.42 

1,05 

281G 

3.15 

1.75 

277G . 

2.16 

1.20 

Av. 

3.85 

2.57 


^ The letter following the number designates breed; A = Ayrshire, H = Holstein, 
J - Jersey, G- = G uernsey. 

' ^ Wet basis. ■ 


in the rumen is a doubtful source of this nutrient at so early an age. On 
the other hand, it may be that a relationship exists between trytophan and 
nicotinie acid similar to that known to occur between methionine and choline. 

A study of the effects of colostrum consumption on the excretion of 
nicotini(? acid and its precursors is being contemplated. 

■ ■ 'SUMMARY 

A study of the tryptophan content of the blood plasma of calves showed 
average values of 0.46, 0.94, 0,96, 0.86, and 0.81 mg. per g. wet basis for 
the newborn calf and at 3, 7, 14 and 21 days of age, respectively. 

The amount of tiwiAophan in first-milldng colostrum to be 

about five times as high and that of the second milking about three times 
as high as that of normal milk. 

These results are discussed in the light of tryptophan being the possible 
precursor for the m viva synthesis of nicotinie acid. 

The authors acknowledge with gratitude the assistance of Mr. H. E. 
Kaeser, who obtained many of the blood samples used in this -work, 
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A COMPARISON OP VACUUM AND STEAM DISTILLATION FOR 
DETERMINING THE VOLATILE ACIDITY OP 
EVAPORATED MILK 

P. G. MILLEE, P. L. ZIMMEEMAN, and E. B. OBBEG 

Carnation Company Beseareh Lalmratories^ Milwaiitceey Wisconsin- 

The acidity and changes in acidity of milk are known to he of importance 
in milk i^rocessiiig and storage. Many wox’kers have shown that heat causes 
the formation of acids in milk. As early as 1895 Cazenenve and Haddon 
(2) repoited that the acid formed by heating was mainly formic acid. This 
view is in accordance wdth the recent work of Gould (7) and Gould and 
Frantz (8). Since most workers report the chief volatile acid produced by 
heating milk to be formic, the importance of other volatile acids ap|)ears 
questionable. 

The use of steam distillation for removing volatile acids from sterilized 
evaporated milk may or may not be the best procedure. Destruction of milk 
constituents dnring steam distillation is indicated by a marked browning of 
the milk and liberation of volatile sulfides (at proper pH). Although 
reports show that the steam distillation of raw skim milk or whole milk 
resulted in the formation of no appreciable amount of formic acid, (7, 8) 
'this does not show what steam distillation may do to heated milk. Also 
volatile acids other than formic possibly may be affected. For instance, 
glycerides of lower fatty acids may be split during the steam 
of milk. 

The use of vacuum distillation in removing volatile constituents from 
food>s has been suggCvSted by Fischbach (5) and has been used successfully 
by other workers. Vacuum distillation seemed to be a logical method for 
removing the volatile acids from milk without the use of excessive heating. 
This investigation was concerned with a comparison of vaeunm distillation 
and steam distillation as a means of studying formic and total volatile 
acids in heated milk. 

EXPERIMENTAL PEOCEDTJBE 

Yac'imm distillation. The distilling setup consisted of pryex ground- 
joint equipment.* Essential pieces were a 3-1. round-bottom distillation 
flask, a 300-mm. spiral (Graham) condenser, a 1-1. receiving flask, 
suitable connecting tubes and adapters. Constant presvsure was maintained 
by means of a Cartesian diver-type manostat (6). 

In the vacuum method finally adopted 500 ml. of reconstituted milk 
(1 part evaporated milk to 1.2 parts water) was acidified to pH 1,5 
(approximately) by running in 100 ml. of V sulfuric acid while the milk 
Eeeeived for piiblication Hovember 12, 1947. 
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was being agitated with , a me(3lianieal stirrer. The acidified milk was 
distilled at. a pressure of 24 mm. mercury and at a rate of approximately 
400 ml./hr. The boiling temperature was 24-25° C. The volume of 
the distilland was maintained constant by running boiled distilled water, 
from a calibrated flask protected by a sodadime tube, into the distilling 
flask through a glass tube and stopcock arrangement, and checking the 
volume of water run in against the volume of distillate. 

For the determination of total volatile acids, 600 ml. of distillate was 
collected and titrated under nitrogen to phenolphthalein with 0.1 N sodium 
hydroxide. A blank correction of 0.09 ml. of 0.1 A sodium hydroxide for 
the amount of alkali required to change the indicator in 600 ml. of boiled 
distilled water was deducted from the titration. Total volatile acids in 
the distillate were calculated as formic acid. 

For the determination of formic acid the entire distillate then was 
concentrated to about 100 ml. by boiling with 200 ml. of 1 per cent barium 
carbonate suspension. The barium carbonate was filtered off and the 
formic acid determined by the A.O.A.C. gravimetric procedure (1). 

Siemn distillation. The apparatus for steam distillation was essentially 
the same as that used for vacuum distillation except for the necessary 
provision for a steam generator and a soda-lime tube coruiected to the 
receiving fiask outlet in place of vacuum equipment. 

The distillation procedure was similar to the vacuum distillation except 
for the use of steam at atmospheric pressure and the acidification of the 
diluted evaporated milk sample. The diluted sample was acidified in 
this case with only 80 ml. of A sulfuric acid and 20 ml. of water to lower 
the pH to approximately 2.0 ( as against pH 1.5 and a mucin lower temper- 
ature with the vacuum method). 

The steam distillation procedure differed from that used by Gould 
and Frantz (8) and Gould eAaZ. (9) in the following details : ( a) In the 
present work the size of the sample was doubled, (b) Volatile acids 
wex'e collected in the distillate rather than in a barium carbonate trap, 
(e) The ratio of distillate to distilland was 1 : 1 instead of 3.33 :1. 

Total volatile acids and formic acid in the steam distillate were deter- 
mined by the procedure employed with the vacuum distiflate. 

RESULTS 

Distillation curves. Calculation of formic acid and total volatile acids 
in the milk was based on distillation curves of formic acid determined in the 
particular apparatus used. The curves presented in figure 1 \vere plotted 
from data obtained by distilling dilute aqueous solutions of pure formic, 
^butyric, and caproic acids under the same conditions and in the same 
apparatus used in distilling milk samples. The method of plotting on in- 
verted semi-log paper was copied after Dyer (4). Actually, the log of 




the percenta|2;‘e of volatile acid remainin^V in the distilland was plotted 
against total volume of distillate collected, giving a straight line. How- 
ever, since the main purpose of the figure is to show the per cent of acid 
recovered in the distillate, the data were plotted on inverted semi-log paper. 
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Fig. i. The rate of vacuum nnd steam distillation of various acids from aqueous 
solutions under experimental conditions similar to those used with milk. 

The rates of distillation of formic acid with steam and vacuum were about 
the same, whereas ??, -butyric acid and caproie acid were distilled much more 
rapidly with steam. As^suming that the rate of distillation of formic acid 
from the diluted, acidified milk samples was the same as the rate from 
acidified water, the per cent of the total formic acid in 
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of distillate could be determined from the vacuum or steam distillation 
curve, and thus the amount of formic acid originally present in the sample 
could be calculated. For example, 600 ml. of distillate (by the vacuum 
method) -would contain 28.7 per cent of the total formic acid in the sample. 
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Pig. 2. The recovery of formic acid added to dOO-ml. samples of reconstituted 
sterilized eva^Doratod milk as determined by vacuum and steam distillations. 


distillate was found to contain 10 mg. of foi’mic acid, the total formic 
acid in the sample would be 84.8 mg. 

In the case of the total volatile acidity determinations, an arbitrary 
figure was calculated. From the total volatile acidity (as formic acid) in 
the distillate, the amount in the sample was estimated on the basis of the 
formic acid distillation curve. This gave values which undoubtedly are 
high but which permitted a rough comparison of total volatile acidity, 
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formic acid values, and, by difference, the volatile acids not formic in the 
distillates, 

Eecovery of formic mid added to steriUzed evaporated milk. For re- 
covery experiments, 48 cans of fresh commercial sterilized evaporated milk 
were placed in a refrigerator until used. Determinations of volatile acidity 
and formic acid at intervals during the course of the recovery exiierinieiits 
showed no detectable increase in these eonstituents up to the time the work 
was completed. 

Amounts of solution containing from 10 to 100 mg. of formic acid were 
added to diluted evaporated milk samples by running the solution through 
a capillary ilito milk wdiich was being agitated with a mechanical stirrer. 
Approximately 600 mb of distillate from the 600 ml. of diluted acidified 
sample was collected by vacuum or steam distillation. Titrations of total 
volatile acids and gravimetric determinations of formic acid wTre made on 
the distillates. Values were corrected to 100 per cent reeoveiy oil the basis 
of the vacuum or steam distillation curve for formic acid. 

Figure 2 is a graphic representation of data obtained in determinations 
of total volatile acid and gravimetric formic acid by the steam and vacuum 
distillation methods. The four lines were drawui through points obtained 
by taking the sum of the avei’age acid value obtained on the control samples 
by each method and the amount of formic acid added. Thus, these lines 
represent values which shoidd have been obtained if the recovery of the 
added formic acid were 100 per cent in all cases. The points plotted 
actual values obtained on individual samples containing from 0 to 100 mg. 
of added formic acid. 

The differences in base values obtained on control samples are 
shown here. Total volatile acidity as determined by the steam distillations 
was almost double that determined by the vacuum method. The base value 
for formic acid determined gravimetrieally was higher by 3.9 mg. with, 
vacuum method than with the steam procedure. 

With the vacuum distillation procedure,, values for total volatile acidity 
and formic acid in the control group of samples were quite consistent con- 
sidering the small quantities present in this milk. The results indicate that 
the method of calculating the amount of formic acid in the milk from 
comparatively small amount recovered in the distillate was at least fairly 
accurate. The recovery of formic acid calculated on the basis of the titra- 
tion of the distillate agreed well, in most eases, with the figure calculated 
^on the basis of the gravimetric formic acid determination. Recoveries 
slightly high, but generally within the range of accuracy to be expected in 
work of this kind. 

With the steam distillation procedure, recoveries of added formic acid by 
the gravimetric method were very satisfactory in amounts of 50 nig. or more. 
With smaller amounts of formic acid the recoveries tended to ran high. A 
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point of particular interest here was the erratic and generail.Y low recovery 
of formic acid as calculated from the titrations of the steam distillate, with 
recoveries from 58.7 to 105.7 per cent, the average being 83.8 per cent. 

The low recovery of formic acid by titration of ‘the steam distillates ap- 
parently was due to the fact that values for volatile acids not formic were 
lower in distillates from samples to which formic acid had been added, since 
gravimetric .determinations of formi| acid in these same distillates showed 
no loss. The vacuum procedui'e did not give this difference between titra- 
tion and gravimetric values. As shown in figure 3, there seemed to be a 
definite relationship between the amount of formic acid added to the milk 
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Pig. 3. The effect of amount of added formic acid on the difference between steam 
and vacuum distillation results for total volatile acidity. 


and the difference in volatile acidity values between steam and vacuum dis- 
tilled samples; i,e,^ as the amount of added formic acid was increased, the 
difference in volatile acidity between steam and vacunm distilled samples de- 
creased. Consideration of volatile acids not formic may give an explanation 
for these results. 

Volatile aada not formic. Calculation of volatile acids not formic was 
made on steam and vacuum distilled samples by subtracting the gravimetric 
formic acid values from the total volatile acidity obtained by titration. In 
figure 4, volatile acids not formic were plotted against added formic acid. 
This demonstrated that: (a) Values for volatile acids not formic were much 
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higher by the steam distillation, (b) The steam distillation showed a defi- 
nite drop in volatile acids not formic wdien formic acid w^as added to the 
milk, (c) The vacuum distillation values for volatile acids not formic re- 
inained fairly constant when the formic acid content of the milk was in- 
creased. 

Possible explanations of the higher volatile acidity values obtained ■with 
steam distillation may be: (a) evolution of carbon dioxide during the steam 
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Fig. 4. The relation of amount of added formic acid to the volatile acids not formic 
as determined by vacuum and steam distillation. 


distillation, (b) hydx^olysis of glycerides of the lower fatty acids, and (c) 
more rapid distillation of butyric and higher volatile acids with steam than 
wdth vacuum. 

The effect of boiling the steam and vacuum distillates to eliminate carbon 
dioxide is shown in table 1. In these experiments the distillate was titrated 
with sodium hydroxide under nitrogen as usual. Then standard hydro- 
chloric acid was added in amount ec]uivalent to the sodium hydroxide used 
in titration. The distillate was heated to boiling as rapidly as possible, 
boiled for 80 seconds, cooled under protection of a soda-lime tube, and 
titrated again with sodium hydroxide. 

Boiling resulted in considerable loss of acidity in the steam distillate but 
slight loss of acidity in the vacuum distillate. The amount of formic acid, 
as determined by the gravimetric procedure, was not decreased appreciably 
by boiling either steam or vacuum distillate. Negative tests for sulfides on 
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tho Steam distillate eliminated tlie possibility that hydrogen sulfide was 
causing the high titrations. By placing barium hydroxide solution in the re- 
ceiving flask during the steam distillation, it was found that carbon dioxide 
was evolved even after 2 hours of distillation and aspiration with carbon 
dioxide-free nitrogen. This supports the hypothesis that a part of the dif- 
ference between volatile acidity values as determined by vacuum and steam 
distillation was due to dissolved carbon dioxide in the steam distillate. Since 
a marked browning of the milk occurs during steam distillation, the evolu- 

TABLB 1 

Effect of boiling evaporated niillo distillate o?h total volatile acidity titration 

0.1 N NaOH required for approximately 
Distillation HGOOH 600 ml. of distillate 


proecduTo added 




Unboiled 

Boiled 

Diifference 


(mg.y 

(ml.) 

(ml) 

(ml) 

Steam 

0 

4.23 

3.22 

1.01 


24.8 

5.64 

4.22 

1.42 


49.6 

7.63 

6!o4 

1.59 

Vaemim 

0.0 

2.19 

2.18 

0.01 


9.9 

2.86 

2.66 

0.20 


49.6 

5.57 

5,44 

0.13 


74.4 

7.15 

6.91 

0.24 


tion of earbon dioxide during this treatment would be expected. Tarassuk 
(10) and Coulter (3) have observed carbon dioxide evolution during brown- 
i.iig of milk by heat. These reactions are reported to be accelerated by 
oxygen (10) and inhibited by reducing agents such as formaldehyde and 
sodium bisulphite (11). 

Even after making correction for the loss of acidity on boiling of the 
steam distillate, its acidity would be higher by about 34 per cent than that 
of the vacuum distillate on samples to wliich no formic acid was added, 
indicating that other factors contributed to the difference in volatile acidity 
values obtained by the two methods. 

Steam distillation of 5 g. of piu*e tributyriii homogenized with water and 
distilled under conditions used on milk was tried and resulted in hydrolysis 
of 3,5 per cent of the tribixtyrin in 1.5 hours. Vacuum distillation of tri- 
bntyrin in water did not hydrolize any of the glyceride. This indicated the 
possibility of splitting glycerides of lower fatty acids during the steam 
distillation of milk. However, mixed glycerides vsueh as occur in milk fat 
probably would be more stable than tributyrin, and so the error due to 
hydrolysis of glycerides during the steam distillation may or may not be 
great. 

Prom observations of the distillation curves (Pig. 1) it is evident that the 
more rapid distillation of butyric and caproie acids with steam could account 
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for at least part of tlie difference in volatile acidity as determined by vaeimm 
and steam distillation in these experiments, since total volatile acids in the 
sample were calculated on the basis of the distillation rate curves of formic 
acid. However, the amounts of individual acids of higher molecular weight 
than formic in the distillates were not known, and it is impossible to deter- 
mine from data obtained just how much this error in calculating total vola- 
tile acids contributed to the difference in values obtained by steam and 
vacniim distillation. . 

The available data do not show the specific cause for the decrease in 
volatile acids not formic obtained by steam distillation when formic acid 
was added to the milk. The limited results obtained by titrations before 
and after boiling of steam distillates do not indicate that this decrease was 
due to inhibition of evolution of carbon dioxide b 3 ^ the added formic acid. 
There seems to be a possibility that formation and/or distillation of part of 
the volatile acids not fomnic -was inhibited b^" the presence of formic acid. 

SUMMARY 

1. A method of determining formic acid and volatile acid values in 
heated milk by means of vacuum distillation at constant volume is presented. 
Eesults of experiments to determine tbe recovery of added formic acid from 
sterilized evaporated milk by the steam and vacuum distillation procedui^es 
are discussed. 

2. The formic acid content of reconstituted evaporated milk averaged 
about 32 ing./l. by steam distillation and about 40 mg./L by vacuum distil- 
lation. 

3. The total volatile acid content of reconstituted evaporated milk, ex- 
pressed as formic acid, averaged 134 mg./l. by steam distillation and 70 
mg./l. by vacuum distillation. 

4. The vacuum and steam distillation procedures both gave satisfactory 

recovery of added formic acid from sterilized evaporated milk by the gravi- 
metric method. ' 

5. There was no evidence of production of formic acid during steam dis- 
tillation as far as the accuracy of the methods could detect, 

6. Titrations of volatile acids on the steam distillates were considerably 
higher than on the vacuum distillates. The difference could be due to con- 
tinuous evolution of carbon dioxide from the milk during steam distillation, 
the more rapid distillation rate of butyric and eaproie acids with steam, 
and/or splitting of gtycerides of fatty acids during steam distillation. 

7. The addition of formic acid to the milk appeared to reduce the amount 
of volatile acids not formic obtained by steam distillation. 

8. The vacuum distillation showed an advantage over steam distillation 
where a consideration of the total volatile acids in the distillate wms desired. 
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CURD TENSION TEST AND CURD NUMBER TEST APPLIED TO 
MARKET HOMOGENIZED MILK IN PHILADELPHIA— 
DEFINITION OP A SOFT CURD MILK 

BERNHARD SPUE 

The Children’s Hospital of Philadelphia, Pennsylvania 

Since the curd niimbei’ test was described in 1942 (3), this method as 
well as the cui'd tension test has been applied regularly in this laboratory 
to homogenized milks marketed in Philadelphia. The present paper gives a 
survey of the results and discusses the relationship between curd tension, 
which deals with the toughness of the curd when milk coagulates, and the 
curd number, which deals wdth the size of the curds formed. 

The term ^‘soft curd milk” is entirely of American origin and until 
recently has been practically unknown in other countries. Hill (2) was 
the first to call attention to the variance in the ciird-fonniilg loroperties 
of milk, and he designed a special apparatus, manipulated by hand, for 
testing the toughness of the curd formed under standard conditions. Hill 
selected a temperature of 95 F. (35° C.) and prescribed a special coagula- 
tion solution. 

The curd test later was subjected, by a specially appointed committee, 
to a eritieal study which resulted in detailed directions for the performance 
of the test (1) . The Hill curd tension meter has been replaced by a me- 
chanically opei’ated apparatus designed by Chambers and now generally 
used. The curd number test (3) was developed in this laboratory to study 
closely another aspect of curd foimiation, namely, the size of the curd. In 
connection with this study, a baby feeding study wms carried out (4). 

It generally is agreed that a low curd tension in milk is desirable, espe- 
cially for infants and people wdth weakened digestion. A low curd tension 
is indicative of a soft curd, but even more important is the formation of 
small curds that will yield a large surface for the action of the digestive 
juices. . ' 

The main objective of this study has been to investigate the relationship 
between curd tension and the formation of curds as measured by the curd 
number test, and especially to determine at 'which curd tension a formation 
of generally small curds is assured in homogenized milk. 

■ ■ EXPERIMENTAL' 

A period of one year, June, 1946, to June, 1947, was selected to include 
all possible seasonal variations. In all, 208 curd number tests, as well as 
curd tension tests, w^ere performed on market homogenized milks. 
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Tlie results of all ciii^d tension values over 10 and their eorresponding 
eurd numbers are recoi'ded in table 1; Gurd tension values below 10 g. 
frequently were found, indicating extremely soft curd milks. These sam- 
ples were regarded as without significance for this study, in which the upper 

\ V. table :i\ 

The relcttionsJiip of c^ird iensioii to (mrd mmher 
(June, 1946~Jime/1947) . 


No. o,f samples 

Gurd tension . 

Corresponding curd nos. 

j Max. ■ 

Min. 

Av. 

22 ’ 

10 

■ ■ 22S . 

201 

214 

20 

11 

229 

200 

211 

IS 

.12 ' 

236 

200 

210 

17 ' 

13 

229 

195 

210 

16 

14 

231 

195 

207 

. ' 23 

'15 : ■ • 

216 

195 

205 

10 

16 

221 

178 

202 

5 

17 

214 

167 

185 


limit value for exmi tension and the (?orre>spondmg lower limit value for 
eurd number, characterizing soft curd milks, w^ere sought. Table 1 shows 
curd tensions from 10 to 17 g. and corresponding curd numbers. Briefly, 
the curd numbers are arrived at by adding the per centum weight of the 
curds, divided into three diifereiit sizes, large, medium, and small, after 
having multiplied these figures by one, two, and three, respectively. The 
XU'esented figiires total 131 in number, •which means that the rest of the curd 
tensions, 77 or 37 per cent, were belo'vv 10 g. The variance in curd numbers 
from 10 to 16 g, is not great. None of the figures except one of 178, cor- 
responding to eurd tension 16, was below 195. Only five curd tensions of 
17 g. were recorded and none over this amount ; of these five, the three 

TABLE 2 

The curd ’mimhers of samples with high curd te7isions (17-^9) 


No. of samples 

Gtird tension 

Corresponding eurd nos. 

Max. 

Min. : 

Av. 

B 



: 135 ! 

185 


/■■-20: V': 

.■191.^' . - . 

■■■■17L ■■■■ 

178 

4 

' "..21 

180 

14^ 

166 

3 


184 


174 

3 


156 

131 

139 

2 

29 

171 

149 

160 


relatively low curd numbers, 167, 169 and 175, respectively, indicate tbe 
downward trend when the eurd tensions increase beyond 16. 

From the records taken before 1946, all curd numbers corresponding to 
a curd tension of 17 g. are recorded in table 2. Of these eight figures, only 



SOFT CURD HOMOGENIZED milk 


two are over 200. Tlie average is the same (185 ) as for the one-year period 
tabulated in table 1. Over a period of about 6 years, a few curd tensions 
of 2d g. and over ^vere encountered. These are tabulated in table 2. 
Because of their extreme scarcity, they do not have any significance whatso- 
ever in the total picture of curd tensions and curd numbers but are inter- 
esting because they show the downward trend in curd numbers with 
increasing curd tensions. Of special interest are the milks with curd 
tensions of 20 g., as this is the upper limit value for a milk labeled 
^‘soft cimr’ according to rules in some states. The average of the 
recorded curd tensions of 20 g, is 178, and only one is close to 200. It may 
seem a little strange that the average curd numbers for curd tensions 22 g. 
and 29 g. are higher than the average curd numbers for curd tensions 21 g. 
and 28 g., respectively, but this is only because of the relatively few tests 
involved. With more tests the higher curd tensions undoubtedly would 
give corresponding lower average curd numbers. This demonstrates, how- 
ever, that milks with closely similar curd tensions often vary widely in their 
curd numbers. 

DISCUSSION 

In the curd number test study (3) the milk curds wei’e divided into three 
sizes ; large curds, caught by a sieve with 0.5-inch me>sh ; medium-size curds, 
caught by a sieve with 0.10-inch mesh ; and small curds, caught by a 
with 0.01-inch mesh. 

Breast milk usiially has curds only of the small size and accordingly will 
get the highest curd number rating of 300. In the baby feeding study 
connected with the curd formation study (4), the great majority of milks 
fed to the babies had curd numbers of 200 and above (1). This milk was 
w’^eli tolerated, and it \vas suggested at that time that a milk with curd 
number 200 and over should be labeled as a soft curd milk. 

Hundreds of curd specimens have been studied in an effort to determine 
what sort of curd combinations represent a curd number of about 200 
(195~205). Theoretically it is possible to reach this curd number in many 
different ways. Even a mix of 50 per cent large curds and 50 per 
small curds with no curds of the middle size would give a curd number of 
200. Of course, this combination w'ould not be desirable and such a 
never has been encountered. Usually a considerable number of the middle- 
size curds are present, and for a curd number around 200, the large curds 
will range from 5 to 15 per cent of the total curd weight. The curd nlim- 
bers of homogenized milks usually are considerably above 200 and conse- 
quently show no large curds at all. Furthermore, it is a matter of experience 
that the large curds for a curd number of 200 are relatively small Qr el 
to the mesh size of 0,54nch in diameter. v 

Since milk with a c*urd number of 200 and above, corresponding to a 
curd tension of 15 g. or less, is well tolerated by infants in general (4), 
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and since milks with curd tensions above 15 g. contain an increasing number 
of specimens with curd numbers below 200 as the eiird tension increases, it 
seems reasonable to label milks with curd tensions of 15 g. or below as 
^‘soft curd’^ milks, meaning both ^^soft” and small curd” milks. 

SUMMARY 

The curd tensions and corresponding curd numbers (curd sizes) of 
market homogenized milk in Philadelphia have been recorded over the 
period of one year. On the basis of this materia], combined with ex- 
periences from baby feeding studies and more than 5 years of constant 
testing of curd tensions and curd numbers, it is suggested that a ‘^soft 
card” milk be defined as a milk with a curd tension of 15 g. or below. Since 
this corresponds to a curd number of 200 or above, it indicates a milk witli 
both soft and small curds. 
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VARIATIONS IN YIELD OF MILK UNDER THE PENKBEPING 

SYSTEM IN BRAZIL 

6EEALD0 G. CAENEIEO 

Department of Animal Production, Belo Eorieonte, Minas Gerais, Brasil 

AND 

JAY L. LUSH 
Iowa State College, A?nes 

The program for dairy cattle improvement in the state of Minas Gerais 
in Brazil includes investigating the effects of the special conditions existing 
under the penkeeping system (sistema de retiros) of dairy cattle manage- 
ment. This system is widely used in the Zona da- Mata (originally a 
forested region) in the southeastern part of Mmas Gerais. The pen- 
keeping system and some of the problems encountered already have been 
described by Rhoad (5) and by Carneiro (2). Some of the findings from 
these studies appear to be of general interest. 

In the penkeeping system the cattle are kept on pasture the year around. 
They are divided into refiros or pens of 20 to 40 head each. The cows are 
with their calves in the pasture during the day but are penned up m toe 
evening and remain separated from the calves until they are milked m the 
morning As a rule the only feed they get is pasture, but in recent years 
some use has been made of chopped sugar cane, grass silage, and even 
cottonseed meal and wheat bran during the dry season. The climate is 
hot and the annual rainfall is high, with two definite seasons, a rainy one 
from October to March and a dry season from April to September. 1 he 
most important among the pests and diseases include ticks, heme ^ 
(Dermatobia hommis), flies, worms, foot-and-mouth disease, anmrax, 

blackleg, pneumonia, and tick fever. \ ^ \ 

The principal objectives of the present study were to determine: (a) 
How much the average milk production changed from one year to another 
and the extent to which these year-to-year changes were part of a general 
time trend or were only irregular variations, (b) How the milk produc- 
tion varied at different times of the year, (c) The shape of toe lactation 
curve with advancing lactation. The findings concerning the sex ratio and 
preliminary observations on heritability also are reported. 

EXPERIMENTAL PROCEDURE 

The records came from “Niagara” farm near Leopoldina, Brazil. This 
is a private farm which kept grade Simmenthaler cattle under management 

T?,Gf*pivpd. for T>uI)liea.tioii NovcBibGr 26^ 1947. . ^ 

1 Journal Paper No. J-1501 of the Iowa Agricultural Experiment Station, Ames, 

Iowa. Project no. 31. 
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practices thought to he typical of the penkeeping system in that region. 
The records were for lactations begun in the years 1930 to 1937, The 
number of cows in milk ranged from 233 to 318. Milk yields were 
measured on the first and the sixteenth of each month. All the data on 
yield are in liters. Under the x)enkeeping system either the death of the 
calf or sickness of the co%v affects production sharply. Lactations were 
considered abnormal and were omitted from this analysis if the cow w^as 
seriously sick, as from foot-and-mouth disease, or if the calf died or the 
cow was sold early in the lactation. Of the 2,177 lactations recorded, only 
1,318 (slightly over 60 per cent) were considered normal. Table 1 shows 
for each year the number of lactations and the means and standard de- 
viations for length of lactation and for milk yield in the normal lactations. 
The ratio of normal to abnormal lactations fluctuated widely from year to 
year, as might be expected from the fact tha.t outbreaks of foot-and-mouth 
or other disease often would cause a heavy loss in some retiros or in some 
years but not in others. 


: 
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TABLE 1 

Normalf al)normal and total lactations hy yean 


Year 

Fo. of lactations j 

Milk yield (1.) 

Lactation period 
(days) 


Normal 

1 Abnormal 

! Total 

Mean 

a 

Mean 

a 

1930 

194 

70' . 

264 

1,105 

386 

289 

60 

1931 

97 

■136 ■ I 

233 

1,144 

402 

316 

82 

1932 

161 

SI’ i 

242 

1,282 

344 

313 

67 

1933' 

/ :75 

IS-I 1 

270 

1,129 

348 

287 

72 

1934 

J90 : 

- ^ 56 

S62 

1,207 

365 

305 

64 

1935 

213 

70 

283 

1,261 

413 

301 

65 

1936 

187 

128 ' ■ 

315 

1,226 

407 ' 

'■ '285' . 

63 

1937 

19.1 

■ ■ : i23.: : 

318 

1,242 

413 1 

304 

1 61 

Bumiiiary 

j 1,318 


^ : 2,177-'/' 

1,209 

±11 

393 ' 

'..''.'299: ■ 

.±2 ... 

i; : 67 : 

1. . ■■ 


RESULTS 

1 ear4o-year differences in yield and in length of lactation period. 

Table 1 shows how the means varied from one year to the next. • Table 
2 shows the analysis of variance between and within years., Since the 
effect of year on length of lactation only bordered on statistical significance 
and was slight in any ease, its analysis was carried no further. 

The mean yield differed from year to year with unmistakable statistical 
significance. The analysis to test whether those year-to-year differences 
were wholly irregular or whether a part of them could be attributed to a 
straight-line trend also is shown in table 2. The trend is an average in- 
crease of 16.7 1- per year, (7 = 1147.4 + 16.7Z) but the yearly means 
changed too irregularly for statistical significance to be assured. Other 
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tilings besides the steady trend (if that actually is real) obviously have 
much to do with causing the mean to be high in some years and low in others. 
A rough computation of the variance components indicates that about 40 per 
cent of the variance caused by year-to-year changes in the mean can be at- 


TABLE 2 

Variation in milJc yield between and within years 


Source of variation 

<?// 

Milk yield 

Length of lactation 

Mean square 

F 

! Mean square 

F 

Total 

Kegression 

Yearly means from 

the regression 

Between cows within 
years 

1,317 

1 ’ 

6 

1,310 

154,284 

1,924,583 

462,480 , 

151,521 

4.16 

4,423 
j 11,099 

4,388 

2.53^ 


* - Significant. 

** = Higlilj significant. 


tributed to the straight-line trend. The other 60 per cent of the year-to- 
.year variance comes from causes which had irregular incidence from one 
year to the nest. How^ever, the j^ear-to-year variations were not a large 
part of the total causes of individual variation, since the variance eompo- 
ment for year-to-year differences, including the trend, is only about 2 per cent 
of the variance between records made wdthin the same year. The individual 
variation found betiveen records made within the same year (necessarily by 
different cows) is so large that even an indicated increase of nearly 1.4 per 
cent per year is by comparison a small source of variation. This small in- 
crease, however, eventually would mean much to the dairy iudiistry if it is 
real and if it continues for many years. 

Season of year. Only a portion of the data was used for measuring how 
yield varied with the season of the year, 50 of the normal lactations being 

TABLE 3 


Variance of daily miVc yields between and within months of the year 


Source of variation 

(Vf 

Mean square 

F 

Total ' 

3,876 

■ 2.722 ■■ 


Between months 

11 

29.236 

11.06*^ 

Within months 

3,865 

2.646 



- HigMy significant. 


selected from each of the 8 years. The selections were random except that 
some effort was made to get the calving dates equally distributed among the 
12 months, so that stage of lactation would not be confounded with season of 
year. This was not wholly achieved. The 400 records included slightly 
more than a fair share which began from March to May and too few which 
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began in December and January. The 400 lactations provided 3,877 daily 
milk yields, using only the yields measured on the sixteenth of each month. 
Table 3 shows the analysis of variance between and within months. 

The effect of month is unmistakably significant statistically but is not 
large enough to be of much practical importance, since the mean square is 
reduced only about 2.8 per cent by ‘ Jiolding month constant^’. The present 
results agree fairly well with those of Rhoad (5), as shown in table 4. The 

TABLE 4 

Mean daily milk yield hy 7n<mths 



1 Present study 

Ehoad ’s study 

. Month . 

Mean 

.Deviation of 
monthly mean 
from annual 
mean 

Mean 

Deviation of 
monthly mean 
from annual 
mean 


(L) 

(%) 

(i.) 

(%) 

J an 

4.31 

+ "6.2 

4,42 

+ 10.0 

Eeb. 

4.41 1 

+ 8.6 

4.57 

+ 11.2 

March 

4.40 1 

+ 8.4 

4.42 

+ 9.9 

April 

4.33 

+ 6.6 

4.23 

+ 5.2 

May 

4.24 

+ 4.4 

3.84 

- 4.5 

June ! 

3.96 

' - 2.5 

3.63 

- 9.7 

July 

3.77 

- 7.1 

3.62 

-10.0 

Aug 

3.60 

~-ll,3 

3.38 

-15.9 

Sept 

3.60 

-11.3 ' . 

3.62 

- 9.9 

Oct 

3.89 

- 4.2 ' , ■ 

3.95 

- 1.7 

Nov 

4.14 ' i 

+ 2.O.' 1 

4.21 

+ 4.7 

Dec 

4.24 1 

. +■ 4.4. . ' ' 

4.42 

+ 9.9 

General mean 

4.06 

1 

4.02 ' 



effect of month is a bit more extreme in Rhoad ’s data, but the season of 
year when the yields are below average (after the dry season is well begun) 
is almost the same. Likewise, the maximum in both sets of data occurs 
from the middle to near the end of the rainy season. As one evidence that 
RhoatVs data show more extreme seasonal variations than the present data, 
the rate of decline from the highest month to the lowest by Brody’s (1) 

• --In Yi ' ' ' 

formula, h ^ — - — , yields values of 0.050 and 0.034 per months for 

Rhoad ’s data and for the present data, respectively. The difference can be 
attributed plausibly to the fact that the cows studied by Rhoad received no 
supplementary feed, while those used in the present study had some grass 
silage and some chopped sugar cane during the winter (dry) season. Also, 
it is possible that the fe^v cases of twice-a«day milking in the present data 
were more frequent in the dry months, although that is not known for 
certain. 

It seems worth emphasizing that the dry season in the tropics and sub- 
tropics appears to affect both milk production and growth, primarily through 
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its effect on the feed supply. This observation checks both with the present 
study and Ehoad’s study and also with the results reported by Sehiitte (6) 
on the growth of beef cattle in South Africa. Sehutte points out that rain- 
fall rather than season per se causes the seasonal deviations, since the max- 
imum growth of feed occurs approximately 3 months after the time of 
greatest precipitation. 

Shape of the lactation curve. It is well known that under conditions 
of dair.y management usual in the temperate zone, the lactation curve rises 
at the beginning of the lactation, reaching a maximum around 30 to 50 days 
after parturition, and then declines to the end of the lactation period. 
Whether this relation is the same under the peiikeeping system was inves- 
tigated by sorting the daily yields according to their order in the lactation. 
Yields measured in the first 14 days after parturition were called '‘first 
measurements’’, those from the 15th to the 29th day w^ere called "second 
measurements”, those from the 30th to the 44th day were "third measure- 
ments”, and so on. This method of soi'ting placed all records with the same 
order of measurement in nearly the same segment of the lactation curve. 
Necessities of management, such as ehanging a cow from one retiro to an- 
other and accidents, of course resulted in failure to obtain some figures for 

^TABLK ,5 


Mean daily millo yields, in liters, at 15 -day intervals from calving to the 
oOtJi measurement (450 days) 


Order of 
measurement 

No. of lactations 

Mean yield 

. ■ 

Order of 
measurement 

ISTo. of lactations 

Mean yield 

Order of 
measurement 

OQ 

0 

cy . 
c3 

0 

"A 

Mean yield 

1 

523 

(i.) 

4.35 

11 

1316 

(Z.) 

4.18 

21 

579 

(Z.) 

3.01 

2 

1113 

4.76 

12 

1313 

4.12 

22 . 

482 

2.95 

3 

1286 

5.00 

13 

1308 

4.04 

23 . 

379 

2.85 

4 

1309 

4.98 

14 

1290 

3.94 

24 

288 

2.75 

5 

1314 

4,85 

15 

1264 

3.85 

25 .. 

288 

2.75 

6 

1314 

4.64 

16 

1201 

3.67 

26 

. 174 

■ 2,63 

. .7, ,■ 

1314 

■ 4S8 

17 

1125 

3,51 

. / 27, ■, 

136 

2.65 

... -s. ■ 

1315 

4.44 

18 

996 

3.35 

28 

102 

2.59 

9 

1315 

4.37 

19 

836 

:■ :3.24 

29 

75 

; 2.58 

10 ' 

1315 

4.32 

1 20 

700 

3.12 

1 30 

59 

2.55 


daily yields, especially those for yields at the first measurement date after 
parturition. The average number of days from calving to the first yield 
recorded was 18.6 dz 0.3. Many of the cows began to go dry about the 
time of the 16th measurement (Le,, about 240 days), hut a few^ continued 
through the 30th measurement. These averages are shown in table 5 and 
in figure 1. 



TABLE 6 

Annhfsis of variance of daily niilh yield detwcen and within stages of lactation 


Source of variation 


Total 

Between orders of nieasiircmont 
Within orders of measnrement 

Highly significant. ^ 


Mean square 


Table 6 shows an analysis of variance within and between order of 
iiieasiireinents. The effect of stage of lactation is statistically signifleant 
beyond all doubt and is large enough to be economically important, as some- 
what more than 15 per cent of the variance between individual daily yields 
disappears when stage of lactation is held constant. The correlation be- 


tween yield and order of measurement was -0.198. That this value was no 
larger numerically when the reduction in variance was over 15 per cent, of 
itself shows that the relation was not entirely linear. The straight regression 
lines shown in figure 1 were fitted separately. The rising one was fitted to 
the first three measurements and the declining one to the third to 30th 
measurements. The slope of the rising line is an average increase of 0.314 
1, per 15-day interval, wiiile the slope of the declining one is an average 
decrease of 0.107 1. per 15-day interval. Admittedly the sharp break in 
the curve at the third measurement is an artifact, resulting from the arbi- 
trary division of the data at this point. The true curve probably s^veeps 
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LACTATION PERIOD IN FIFTEEN* DAY SEGMENTS 
Fig. 1. Yields in sue.;*essive.,stages of the lactation period. 


smoothly with decreasing slope up toward a maximum and then slowly turns 
down again. However, as the choice of type of curve had to be arbitrary, 
further refinements to fit a single curve to the whole set of data did not 
seem worth while. 

line fits most of the declining part of the curve weU until near 
There the numbers are few and it seems likely that the ap- 
parent lessening of the slope may be the result of selection, whereby those 
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which went dry and dropped out at each interval would mostly have been 
those which were producing the least at the preceding measurement. The 
rate of decline in the declining segment amounts to only 2.3 per cent each 
15 days at the beginning of that portion, but is as much as 4.1 per cent of 
the current production by the time the lactation is about 12 months along. 
If the rate of decline from measurements 3-5 to measurements 24-26 is com- 
puted according to Brody’s (1) formula (which, however, would make the 
regression a bit curvilinear), the decline is 2.86 per cent for each 15 days or 
abont 5.7 per cent per month. 

These rates of decline are not very different from those reported for 
dairy data from the type of management usual in temperate regioms, al- 
though the means are much lower. Thus Brody (1) reports declines per 
month of 5.3, 5.5, 5.6, and 5.7 per cent, respectively, for groups of Holstein, 
farrow Guernsey, Jersey and Guernsey cows. It is somewhat suriirising 
that the rates of decline should be so nearly the same in these data from a 
breed which is more nearly dual purpose, with cows milked only once a day, 
fed little but pasture, some of wdileh was not very good, and suckled by their 
calves during the day. Possibly the management holds the production so 
much below the cow’s inherent ability that this level of production remains 
more stable than it would under better management. However, this is only 
a tentative suggestion needing more investigation. Perhaps Brody’s esti- 
mate that scrub cows decline almost 17 per cent per month needs testing on 
a Avider A^ariety of data. The progresswe elimination of those which had 
been produeing the least in each preceding month could explain the ap- 


TABLE 7 

JSex ratio among the calves 


Year 

Males 

Females 

i Total 

1930 

149 

116 

! 265 

1931 i 

108 

124 

232 

1932 1 

130 

■ ■ 113. . .1 

■243" 

193S 

135 

■ ,124' ' : 1 

259 

1934 ' 

129 

106 1 

235 

1935 

: 154 

138 i 

292 

1936 

173 1 

154 

327 

1937 

164 . ' . 1 

146 

310 

Total 

1,142 

1,021 

2,163 


parent slowness of the decline here after about the 15th measurement, but 
it'-eould not explain the slowness of the earlier decline. There is no indica- 
tion that such elimination is a noteworthy factor until about the 26th meas- 
urement. 

Sex ratio. Although not a primary object of this study, the sex dis- 
tribution by years was tabulated and is shown in table 7. Like most other 
reports on the sex ratio in cattle, this study shows a slight but statistically 
significant excess of males. The males comprised 52.8 per cent of the ealv'es. 




GERALDO 0. CARNEIRO and jay li. LUSH 




111 i 


This compares with 51.8 reported by Crew (3), or the 50.5 by Go wen and 
Pearl, 49.4 by Roberts, 51.5 by Johansson, 52.2 by Ward, and 49.9 by Engeler, 
as quoted by Lush (4). The males were in excess every year except 1931 
and in that year the difference was small. The statistical test for homoge- 
neity from year to year yields a chi-square value of 5.42, which actually is 
a bit less than expected for seven degrees of freedom. Therefore, the con- 
clusion is reached that the males were germinely in excess of the females at 
Leopoldina, for reasons not known to the authors. This is in agreement 
with most other studies of the sex ratio in cattle. Whatever factor made 
the sex ratio depart from exact equality seems to have prevailed over all 
.the years.' ; 

Ileritahility. Only a preliminary study of the heritability of individual 
differences in milk production has yet been made. The still unverified es- 
timates are in the neighborhood of 0.5, which seems rather high as compared 
with most other studies. However, the herd contained cows of severaP dif- 
ferent kinds of breeding. Some kinds contained distinctly higher percent- 
ages of dairy blood than others. This genetic heterogeneity would tend to 
make the heritability of differences within such a population higher than 
within a group which were ail purebreds or high grades of the same breed. 
Also, the peculiarities of the penkeepiiig management, such as whether a 
cow would let down her milk freely to the hand milker in the morning when 
accustomed to being milked by the calf during the day, might make a notice- 
able difference. It is conceivable that the differences in behavior between 
the cows in this respect could be large and strongly hereditary. Speculation 
on this point seems unjustified until the existing evidence can be verified 
and examined from every point of view. The preliminary examination in- 
dicates a leather high level of heritability of individual differences in milk 
production under the penkeeping system. 


SUMMARY 






^ . 
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Records from a large farm in the Zo7ia da Mata in Brazil were studied 
to learn about conditions -which affect milk production under the penkeeping 
...system.' 

Production varied signifieandy from 3^ear to year. Part of this is as- 
cribed to an upward trend with time, but the statistical significance of that 
trend is not wholly assured. Some of the yearly means deviated rather 
widely from that trend. 

Season of year had significant but rather small effects on the daily yield. 
The higher yields were toward the middle and end of the raiiiy season, while 
the lower ones were late in the dry season. 

Production reached a maximum some time around 40 to 50 days after 
calving. Thereafter it declined in almost a straight line. 
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PENKEEPING SYSTEM IN BRAZIL 

The sex ratio showed a slight but statistically significant excess of males. 
The year-to-year deviations of the sex ratio from the general mean were not 
statistically significant. 

Heritability of individual differences in milk yield under these condi- 
tions seems moderately high. 
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Tlie importaiice of acetylBieth^^^ and diaeetyl from the stand- 

point of imparting a desirable flaA^or and aroma to butter and otlier 
food products is widely known. The value of selected cultures oi bacteria 
for the deA^elopment of these compounds has been well established through 
comparath^e studies on butter made wdth and -without the use of butter 
cultures. Hammer and Babel (6) state in their review of butter cultures 
that preAuous to 1919 it was commonly beliGA^ed that butter cultures were 
pure cultures of lactic acid streptococci, although there had been various 
suggestions that the desirable flavor of butter made from ripened cream 
was not produced by the lactic acid bacteria growing in the cream. In 
that year three laboratories established the basis for an. understanding of 
the bacteriology of butter cultures by reporting almost simultaneously that 
such cultures normally include two distinct types of bacteria. Boeldiont 
and Ott de Vries (1) isolated from sour milk and cream an organism Avhich 
produced the characteristic and desirable butter culture aroma when 
groAvn Avith an organism of the Streptocoociis lactis type,- Hammer and 
Bailey (7) found that butter cultures contained organisms, associated Avitli 
S. lactiSf Avhieh commonly did not curdle milk but Avhich in eombiiiation 
with A?, lactis gave higli volatile acidities; and Storeh (14) considered tAAm 
types of organisms necessary in butter cultures, a lactic acid type and a 
flavor type. The latter did not coagulate milk or form much acid but 
produced more volatile acid than the former. The two distinct types of 
organisms present in the butter cultures commonly used are S. lactis or 
Strepfocoecus cremorisj which primarily attacks the lactose and forms 
relatively large amounts of lactic acid together AAuth small amounts of 
secondary products, and Streptococctis citrovonis and/or Sfrepiococeiis 
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prod-actaon of tMs odor was noted among the strains of propionic acid. 
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faraciirovorus^ which are cliaracterized mainly by the fernientation of 
citric aeid to diaeetyl and related compounds, some of which add greatly 
to the flayer atid aroma of butter cultures, certain types of butter, cultured 
biittermilk, Yarkhis cheeses other food products. The numbers of 
bacteria in active butter eultures, as determined by plate counts, commonly 
are in the hundreds of millions and inay be over 1 billion per ml. In the 
tmltures studied by Hammer (4), B, lactis often made up 90 per cent of the 
flora and only occasionaliy fell under 75 per cent ; in certain cases the flavor 
type made up only 1 to 3 per cent of the fiora. 

Price et aL (9) found that the lactic acid organisms usually produce 
from 0.7 to 1.0 per cent acid in milk, with the maximum about 1.2 per cent ; 
most of the, a(dd is lactic. Siizuki et (15) stated that the group of 
bacteria represented, by S. Zaefe produces from 90 to 98 per cent of the 
theoretic yield of lactic acid from the sugar fermented, the remainder of 
the sugar going to alcohols, aldehydes and esters. With 50 cultures of 
lactic acid sireptoeocei, Sherman and Albus (13) found the acid produced 
in milk pO days at C.) ranged from 0.60 to 0,95 per cent, the average 
being 0.80 per cent. 

The high volatile acidities of butter cultures are evident from the odor 
and are readily detected by chemical procedures. Hammer and Bailey (7) 
found that the volatile acidities of butter cultures ranged from 31.2 to 
37.6 (ml. of 0.1 N NaOH to neutralize 1 1. steam distillate from 250 g. 
culture) ; the total acidities varied from 0.87 to 1.08 per cent. Cordes and 
Hammer (3) noted that the volatile acidity of a butter culture increased 
as the total acidity increased until, in general, it reached 10 to 15 per cent 
of the total acidity. With 183 butter cultures grown in pasteurized milk, 
Templeton and Sommer (16) found the volatile acidities averaged 15.43 
per cent of the total acidities ; with 28 cultures grown in pasteurized milk 
plus 0.2 per cent citric aeid, the value was 23.10 per cent. Boekhout and 
Ott de Vries (2) found that symbiosis of the two types of butter culture 
organisms yielded not only flavor but also considerable volatile fatty acid 
which was acetic. 

The recognition by Van Niei et aL (17) that aeetylmethylcarbinol 
(AMC) and diaeetyl (AC 2 ) either are responsible for the aroma of butter 
or are the principal components of the aroma material soon led to studies 
on the production of AMC and AC 2 in butter cultures. Schmalfuss (10), 
by the sense of smell, detected AC 2 in a milk culture of a rod-shaped lactic 
acid organism and, through analyses, confirmed the identification of this 
compound. Van Kiel et al. (17) noted that certain strains of propionic 
acid bacteria on a special medium (yeast-dextrose-chalk-agar) produced 
: an odor similar to that of a high quality butter. A wide variation in the 
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bacteria, and a study of tlie products formed indicated that AMC was 
related to the typical butter aroma. It also was observed that a dilute 
aqueous solution of AMC or AC 2 had an odor characteristic of butter. The 
authors concluded that ACo either is responsible for the aroma of butter or 
is the prineipal component of the aroma material. Miehaelian et al (8) 
determined the amounts of AMC + AC 2 in satisfactory cultures and also 
in cultures lacking flavor. The results showed that considerable AMC 
pins AC 2 was imesent in sativsfaetory cultures. The authors also found 
that cultures contained only small amounts of AMC + AC^ during the 
early stages of ripening, wdiile conspicuous increases occurred later. It 
was observed that early in the ripening pronounced changes in titratable acid 
or pll had little effect on the amount of AMC + ACo present, but later 
striking increases oecurred Avith little or no change in acidity. Hammer 
(5) and Miehaelian et aL (8) made an extensive study of the relationship 
of AMO and ACo to butter cultures. Hammer and Babel (6) compiled 
an extensive revieAV on the bacteriology of butter cultures. Schmalfuss 
and Barthmeyer (11, 12) studied the presence of AMC and AG 2 in various 
food materials and noted that the foods examined contained much more 
AMC than ACo. 

Much research has been done on the study of flavor and aroma com- 
pounds in milk, butter, foods and other materials. However, to the 
authors’ knowledge, no information has been published on the production 
of these compounds in soybean milk and its products. This investigation 
Avas undertaken to determine the comparative biochemical activity of the 
butter culture organisms, S. lactis, S. citrovorus^ and S, paracitrovoruSy in 
cow’s milk and soybean milk. 

Soybean or vegetable milk is used extensively throughout Japan ami 
China for infant feeding as well as a food for adults. The introduction of 
soybean milk to the American people has occurred only recently. Soybean 
milk has been manufactured in the form of a poAvder, It has been used 
Avith good results in breads and cakes, in creaming vegetables, in custards, 
in chocolate or cocoa, and in several other food products as a substitute for 
cow ’s milk, especially in those countries that find it cheaper to use a vegetable 
milk. The high nutritiA^e value of soybean milk and its many potential uses 
indicate that this product will continue to rise in importance as an item 
in the human diet. The development by butter culture organisms of AG^ 
and related compounds in vegetable milk and products made from it may 
be desirable from a commercial standpoint, 

.EXPERIMENTAL PROCEDURE 

The butter cultures used in this investigation were obtained from the 
Department of Dairy Industry, Iowa State College, Ames, The cultures 



EBSULTS AND DISCUSSION 

The values obtained for the pH and volatile a(3idit7 were comparable 
in most instances for both types of milk held at the various incubation 
periods.. After cultures of fermented .soybean milk were held for 96 to 
216 hours, the volatile acidities ranged from 24.2 to 32.3 (mL of 0.1 N 
NaOH to neutralize 1 1. of steam distillate from 250 g. of culture) ; 
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were carried in sterile skimmed milk, transferred daily, and incubated 
at 21^^ C. until coagulation oceurred. The cultures were removed immedi- 
ately after coagulation and held in the refrigerator at a temperature of 
approximately 10^'* G. 

Seven-hundred-milliliter samples of skimmed cow’s milk and of soy- 
bean milk were placed in quart milk bottles, plugged with rubber stoppers, 
covered with Wrapping paper, and sterilized by heating to 100"^ C. for 
20 minutes on 3 consecutive days. The soybean milk used was obtained 
from Harry Miller, Director of the International Nutrition Laboratory, 
Mt. Yernoii, Ohio. The sterilized samples of milk were inoculated with 
butter culture organisms (3 ml.) and held at 21° C. for 0, 12, 28, 48, 72, 
96, 168 and 216 hours. The hydrogen-ion concentration, titratable acidity, 
volatile acidity, and AMC 4- AG 2 were determined in duplicate on each 
sample at the end of each meubation period. 

The pH determinations were made on 10-ml. samples of each culture 
of fermented milh, using a Coleman 3C glass electrode potentiometer. 

The titratable acidity was determined by the titration of 10 ml. of the 
culture with 0.1 Y sodium hydroxide, using phenolphthalein as the indicator. 
The end-point taken was that point at which a faint pink color remained 
for 1 minute. The acidity obtained was expressed as per cent lactic acid. 

The volatile acidity was determined by the method of Michaelian al. 
(8). Two hundred and fifty grams of the cultured milk with 250 ml. of 
distilled water was steam distilled after the addition of 15 ml. of *¥ sulfuric 
acid. The first 1,000 ml. of distillate was titrated, i sodium 

hydroxide and phenolphthalein. The results were expressed as the ml. of 
0.1 N sodium hydroxide required to neutralize the acidity. In determining 
the amounts of flavor and aroma compounds by the procedure of Michaelian 
et aL (8), a 200-g. portion of the milk was distilled with steam after adding 
40 ml. of ferric chloride solution to oxidize the AMC to ACL. Hydroxyla- 
mine hydrochloride, sodium acetate, and nickel chloride solutions were 
added to the distillate as a mixture. The material was allowed to stand at 
least 1 day in order to permit complete crystallization ; the nickel salt then 
was filtered into a weighed crucible. The salt was washed with distilled 
water, dried to constant weight at 110° C., and the results were expressed 
as the milligrams of nickel dimethylglyoximate per 200 g. of cultured milk. 


The relationship hetween certain Moehemieal mtivities of huiter euUure organisms when propagated in coiv^s and soybean milk 
(Ay. of two deterBiinatioiis, Oii ltiires grown in 700 ml. of sterile substratum inoculated with 3 ml. of eultiire and incubated at 21° C.) 

Hours incubated 
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a As per cent lactic acid per 10 g. sample. 

b Talues expressed in ml. of 0.1 A" sodium IiYdroxide per 1,000 ml. of distillate, 
e Milligrams of nickel ^metbylglyoximate per 200 g, of culture. 
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whereas, for eow^s milk the values were 23.4 to 27.5 ml. (table 1). The 
value for the volatile acidity in cow’s milk plus 0.15 pei' cent citric acid 
averaged 32.6 ml. for an iBCubation period of 96 to 216 hours; the corre- 
sponding value for cultured soybean milk was 33.5 ml (table 2). 

The production of AMC plus AC^ in soybean milk by butter culture 
organisms was not evident until after an ineubation period of 48 hours; 
however, upon incAibation of cultured soybean milk for 168 to 216 hours, 
larger amounts of tlie flavor and aroma compounds ■were prodtieed in 
soybean milk as compared to cow^s milk (table 1). When the samples 
were held for 168 hours at 21^ C,, 33.6 mg. of Ni salt were obtained from 
200 g. of cultured soybean milk. In cow’s milk held under similar condi- 
tions, 18.2 mg. of Ni salt were obtained. In cow’s milk a trace of AMC 
plus AC 2 was formed after a 12-hour incubation period. The results 
obtained for the production of AMC xdus AC 2 in cow’s milk are in agree- 
ment wdth those of Michaeliaii c^ aL (8), who found that satisfactory 
cultures yielded 10 mg. or more nickel dimethylgiyoximate per 200 g., the 
maximum being 39.5 mg. The results obtained for the cultured soybean 
milk are comparable. * 

When the butter culture organisms w^ere grown in cow’s milk plus 0.15 
per cent citric acid, the AMO plus AC 2 content was found to the extent 
of 14.2 mg., as the Ni salt, per 200 g. of culture after an incubation period of 
12 hours (table 2), The AMC plus ACl content increased to 44.7 mg. upon 
incubation of the cultures for 216 hours. For cultured soybean milk plus 
0.15 per cent citric acid the production of AMC plus AGo was retarded; 
2.4 mg, of the Ni salt wei^e obtained after an ineubation period of 24 hours, 
which increased to 42.3 mg, after 216 hours of ineubation. AMC plus 
AC 2 was not developed as rapidly in soybean milk as in cow’s milk, but 
upon prolonged incubation the results obtained were in close agreement. 

The AMC plus AC 2 content of samj^les of cultured cow’s milk and 
soybean milk held for 72, 96, 168, and 216 hours at 21° C. averaged 17.2 
and 19.2 mg, of the Ni salt, respectively (table 1). When 0.15 per cent 
citric acid was added to the cultures, the average values obtained were : 
cow’s milk, 33,2 mg,; soybean milk, 32.5 mg. (table 2). This represents a 
93 and 70 per cent increase in the AMC plus AC 2 content of the cultured 
cow’s milk and soybean milk, respectively. 

The values obtained for the titratable acidity in cow’s milk and cow’s 
milk to which 0.15 per cent citric acid was added were nearly twice as great 
as those secured for the cultured soybean milk. Early in the ripening pro- 
; nonneed changes in titratable acid or pH had little effect on the amount of 
AMO plus AO 2 present, but later significant increases occurred with little or 
no change in acidity. These results are in agreement with those of Michael- 
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Further data are presented in table 3 for samples of cultured soybean 
milk to which 0.10 0.15, 0.20, and 0.30 per cent citric acid was added. 


TABLE 3 

The relationship 'hetwee7i oertam biochemical activities of butter culture oi^gaiimns when 
propagated in coicfs (vnd soybemi rnilh re-enforced loith citric acid 
(Av. of two determiiiatioiis. Cultures growii in 700 jxil. of sterile substratum 
inoeulated with 3 ml. of culture and incubated at 21° G.) 


Hours held at 21° C. 

Added citric 
acid (%) 

pH 

Titratable 

acidity^ 

Volatile 

aeidity^> 

mg. of Ni 
salte 

Soybean milk 

0 

0.10 

6.1 

0.17 

3.8 

None 

48 

0.10 

4.6 

0.68 

11.5 

11.9 

■ 72 

0.10 

, 4.6 

0.62 

23.0 

23.4 

120 

0.10 

4.3 

0.64 

33.5 

40.1 

0 

0.20 

6.1 

0.17 

3.8 

None 

46 

0.20 

4,6 

0.67 

12.3 

15.0 

, 72 ■ 

0.20 

4.7 

0.70 

27.0 

47.0 

120 

0.20 

4,4 ' 

0.77 

40.0 

44.0 

72 

0.15 

4.4 

0.65 

21.1 

20.3 

120 

0.30 

4.4 

0.66 

40.2 

35.4 

Oow^s milk 

72 

0.15 

4,3 

1.02 

39.3 

49,1 

180 

0.30 

4.3 

1,04 

40.7 

46.0 


a As per cent lactic acid per 10 g. sample. 

b Yalues expressed in ml. of 0.1 F sodium hydroxide per 1,000 mb of distillate. 
^Milligrams of nickel dimethylglyoximate per 200 g. of CulHire. 


SUMMARY AND CONCLUSIONS 


A comparative study was made of pH, titratable acidity, volatile 
acidity, and acetylmethylcarbinol plus diacetyl on samples of cow’s milk 
and soybean milk inoculated with the butter culture organisms, Strepto- 
cocmis laotiSf Streptococcus citrovorus and Streptococcus paracitrovorus^ 
The values secured for the pH and volatile acidity were comparable in 
most instances for both types of milk held at the various incubation 
periods. The value for the volatile acidity in cultured cowl’s milk averaged 
28.3 (ml of 0.1 N NaOH to neutralize 1 1. of steam distillate from 250 g. 
of culture) for an incubation period of 96 to 216 hours; the corresponding 
value for cultured soybean milk was 27.2 ml. For cultured cow’s milk 
and soybean milk plus 0.15 per cent citric acid, the values were 32.6 and 
33.5 ml., respectively. 

During the early stages of fermentation of cultured cow’s milk and 
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soybean milk, only small amounts of aeetylmetliylcarbinol pins diacetyl 
were present, wliile after 96 hours of inciibation at 21 C. appreciable 
increases in these substances occurred. 

Samples of cultured soybean milk held 168 to 216 hours contained larger 
amounts of acetylmethylcarbinol plus diacetyl than cultured cow’s milk; 
33,6 mg. of Ni salt were obtained from 200 g. of cultured soybean milk 
held 168 hours at 21^ G.; whereas, in cow’s milk held under similar condi- 
tions, 18,2 mg. w^ere found. 

The aeetylmethylearbinol plus diacetyl eonteiit > of eight samples of 
cultured cow’s milk and eight samples of soyhean milk held 72 to 216 hours 
at 21° C. averaged 17.2 and 19.2 mg. of the Ni salt, respectively. When 
0.15 per cent citric acid was added to the cultures, the values obtained 
were: cow’s milk, 33.2 mg. ; soybean milk, 32.5 mg. The addition of citric 
acid resulted in a 93 and 70 per cent increase in the production by butter 
culture organisms of acetylmethylcarbinol plus diacetyl in cow’s milk and 
soybean milk. 

Acetylmethylcarbinol plus diacetyl was not developed as rapidly in 
soybean milk as in cow’s milk, bnt upon extended holding of the cultures 
the results obtained were comparable. 

Cultures of cow’s milk held at 21° C. for 72 to 216 hours had an average 
lactic acid content of 1,05 per cent ; whereas, cultures of soybean milk held 
under similar conditions had a lactic acid content of 0.51 per cent. Samples 
of fermented cow ’s milk plus 0.15 per cent citric acid held for 72 hours or 
longer contained nearly twice as much lactic acid as samples of fermented 
soybean milk. 

Early in the ripening pronounced changes in titratable acid had little 
effect oil the development of acetylmethylcarbinol plus diacetyl in cow’s 
milk and soybean milk, but later in the incubation period significant 
increases occurred with little or no change in acidity. 
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THE EOLE OF SURFACE-ACTIVE CONSTITUENTS INVOLVED 
IN THE FOAMING OF MILK AND CERTAIN MILK PRODUCTS. 
IIL MILK LIPIDS, INCLUDING PHOSPHOLIPIDS^ 

G., A. BICHABBSOlSra and Mv S. EL-EAFEY3 
Division of Dairy Industry, College of AgriculiuTe, University of California, Davis 

The role of the milklipids in the foaming of milk is not clearly defined. 
Van Dam (27), by deex'easing the fat content of separated milk from 0.22 
to 0.08 per cent, and Mohr and Brockmann (14), by increasing it from 
0.04 to 1.0 x>er cent, conelnded that the foaming capacity and foam stability 
varied inversely with the fat content. Sommer and Horrall (24) found 
addition of fat to a skim milk-gelatin-sugar mix greatly decreased whip- 
ping ability. El-Rafey and Richardson (r5) attributed the minimuni foam- 
ing of skim milk, whey, lactalbumin sols, and blood serum at approximately 
27*^ C. to the presence of fat globules. 

Leete (11), on the other hand, from studies with skim milk, milk, and 
cream, concluded no definite statement could be made regarding the effect 
of milk fat on foaming without considering temperature. Sanmann and 
Ruehe (22), failing to find a definite relationship between the fat or solids 
content of milk and its foaming ability, suggested that the foaming ability 
of milk from individual cows largely is dependent upon factors which are 
characteristic of the cow. When these latter factors were controlled,’ they 
found that increasing the fat content usually decreased the foaming ability ; 
the reverse was true with respect to solids-not-fat. According to Holm 
(7), increases in the fat content of milk over that normally present result 
in increased foaming and great foam stability. 

The effect of' the physical state of the fat on its influence on foaming 
has been recognized. Mohr and Brockmann (14) found that milk exhibits 
greater foaming properties at temperatures at which the fat is liquid than 
where it is solidified. This appears to be contrary to the theory proposed by 
Leviton and Leighton (12) that the destructive action of milk fat and other 
lipids on foam depends upon their ability to spread on water. It has been 
reported that the concentration of fat in sodium caseinate solutions is of less 
significance on their foaming capacity than the chemical and physical 
condition of the fat (19). ’ 

Preliminary studies of the role of milk fat in the foaming of milks and 
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creams suggested, not only that the coneentration, the cliemiqal composition, 
and the physical state of the fat must be considered, but also that the 
nature of the material comprising the interface between the fat globules 

and the aqueous medium is of even greater signifieanee. 

EXPERIMENTAL lUmCBDUBE 

The method of measuring foaming capacity and foam stability has been 
described in a previous publication (4). The milk fat used in this study 
was obtained by churning fresh cream from mixed herd milk, melting the 
butter at 50° C., and filtering the decanted fat at the same temperature. 
The fat was stored at 5 G, 

Preliminary investigations showed that soybean phospholipids gave 
essentially the same results when used as emulsifiers as milk phospholipids 
isolated from separator slime. Soybean phospholipids,^ which are a mix- 
ture ineluding lecithin, eephaiin, and probably inositol phosphatide, were 
used in these studies. * 

The natural emulsions were prepared by diluting cream with the appro- 
priate volumes of its separated milk. The artificial emulsions were prepared 
by dispersing the fat or oil, with or without added phospholipid, in pas- 
teurized separated milk, or other medium, using a two-cylinder hand 
emulsifier.® When stabilizers, such as gum arabie, were used, the fat first 
was triturated with the powdered gum and distilled Water, and the resulting 
cream, after being diluted to the desired concentration, was passed through 
the emulsifier. 

The size of the fat globules in the creams was determined microscop- 
ically using the technic of Cole and Smith (3). Emulsifi^cation was con- 
sidered satisfactory when the globules ranged in diameter from 1 to 11 /x, 
with an average diameter of 3.5 [x. To attain this it sometimes was neces- 
sary to pass the mixtures through the emulsifier three to five times. 

Phosphorus in the fats was determined eolorimetrically (31), the fat 
being ashed according to the method of Horrali (8). 

RESULTS 

Effect of fat percentage on the foaming of milk and cream. At certain 
temperatures, at least, skim milk and cream yield their own distinctive 
type of foam, as illustrated in figure 1. In a series of milks and creams of 
increasing fat contents, both types of foam wdll be expected to be present 
at a certain fat content, and somewhere in the series a reversal of predom- 
inating types will take place. 

4 « ‘Margo 70 per cent pliosx>holipid in soybean oil, courtesy of Dr. J. Eicbberg, 
American Lecithin Company, Long Island City, N. Y. Grade Lecithin courtesy 

of Mr. D. G. Ingraham, Durkee Damons Food Company, Berkeley, California. 

« Club Aluminum Products Co., Chicago, Illinois, 
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Fig. 1. Types of foaBi from milk and cream, (a) Skim milk or protein type, 
(b) Oream or lipoprotein type. 
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Fig. 2. The effect of increasing the fat content of skim milk from 0,01 to 35.0% 
on its foaming properties at 6*" 0. and at 35° 0. 
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A series of samples ranging in fat eontents &om 0,01 to 35.0 per cent 
was prepared using raw separated milk and raw cream. As shown in 
figure 2, at both, 6 and 35° C., as the fat content increases, the foam stability 
first decreases to a minimum value, and this is followed by a rapid increase 
in stability, "With fat concentrations up to between 5.0 and 7.5 per cent, 
the foam consisted of small, compact ceils with a short haltvolume time. 
Above 7.5 per cent of fat, a cream-type or lipoprotein-type of foam pre- 
dominated. This latter consisted of large cells with distorted lamellae that 
maintain an increasingly stable structure with increasing fat percentage. 


P//77 membraffe (B) 


membrane 


■’No/'ura/ membrane 


Percenlfat 

Fig, 3. The effect of the type of stabilizer on the foaming of milk fat emulsions 
at 35° 0. (All emulsions were made by diluting creams, stahilized as indicated, with 
skim milk. The emulsions for curve (2) differ from those of (1) in that the fat for 
(2) contained 4% phospholipids added prior to emulsification. Curve (3) represents 
emulsions of soybean oil containing 4% added phospholipids.) 

At 6° C, both types of foam were visible in the 7.5 per cent milk. At 6° 0. 
the foam volume remained constant regardless of the fat content. 

Effect of the emulsifying agent on foaming. Various emulsions were 
prepared as follows: (a) Natural raw cream was diluted with raw separated 
milk to give a series of milks ranging in fat contents up to 3,5 per cent, 
(b) Artificial emulsions were made by emulsifying milk fat into raw 
separated milk, gelatin sols, or gum arable and diluting the resulting 
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creams -witli separated milk to give a series of milks of fat contents similar 
to those in (a), (c) Artificial emulsions were made by emulsifying milk 

fat or soybean oil, each containing 4 per cent added soybean phospholipids, 
into raw separated milk and diluting these with the separated milk to 
obtain the series of milks of varying fat contents. The foaming character- 
istics of these milks at 35° C. were studied. 

The results are shown in figure 3. With the emulsions made with the 
natural cream, a rapidly progressive decrease in foaming occurs wutli 
increasing fat content up to 0,2 per cent fat, after -wliieh no marked further 
decreases occur. The emulsions of milk fat containing the added phospho- 
lipids showed a marked resemblance to the natural emulsions up to a fat 
content of 1 per cent. With increasing fat contents, however, the foaming 
capacity (and foam stability) increased. The type of this latter foam was 
distinctive. It was coarse in structure, consisting mostly of five- and six- 
meinbered rings. It exhibited a marked glistening and iridescent appear- 
ance. The* lamellae became very thin and the whole structure collapsed 
in an explosive manner. This type of foam will be referred to as the ^‘phos- 
pholipid’^ foam. As later experiments -will indicate, the 4 per cent added 
phospholipid is excessive. 

The effect of increasing fat contents is not so marked in those emulsions 
stabilized with skim milk or gelatin. No changes in the nature of the foams 
were observed with increasing fat contents, AVith the gum arabie-stabilized 
emulsions, increasing concentrations of fat exeided a slow but progressive 
depressing action on foaming. The depressing action of the soybean oil 
containing added phospholipids w^as found to be less marked than that of 
milk fat, but, in the higher concentrations, the typical phospholipid foam 
was observed, • 

Effect of increasing phospholipid content on the foaming of separated 
milK A 2 per cent soybean phospholipid emulsion, prepared by dispersing 
it in pasteurized skim milk at 50° C. and passing it five times through the 
emulsifier, was diluted wdth the skim milk to give a series ranging from 0.0 
to 2.0 per cent added phospholipid. Foaming tests \vere made at 21.5^^ C, 
The results are shown- in figure 4. As the added phospholipid increases 
to 0.05 per cent, the foaming tendency decreases. This decrease is about 
six times that obtained by adding soybean oil in amounts equivalent to that 
associated wdth the added phospholipid. 

As tile concentration of phospholipid increases beyond 0.05 per cent, 
a typical phospholipid foam begins to appear, first as a coarse unstable 
foam, similar to that of buttermilk, and followed by foams of increasing 
height, compactness, iridescence and stability. 

Effect of phospholipid concentration in the fat on foaming of milk 
emulsions. Four 10 per cent fat emulsions were prepared by emulsifying, 
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in pasteurized skim milk, milk fat containing 0.0, 0.45, 0.7, and 1.0 per cent 
added soybean phospliolipid. The foaming properties were studied at var~ 
ions temperatures between 5 and 55° C. Figure 5 shows that each emulsion 
yieldedioams of minimum stability at temperatures between 27 and 35° C. 
-As tlie phosplK)lii)id content inereasexl, the protein-type foam, characteristic 
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Pig. 4. The effect of added soybean phospholipids on the foaming of skim milk 
at 21.5*’ a 




of skim milk, gradually w-as replaced, by a ereani-type or lipoprotein-type 
foam. 

No further increases in foaming capacity or foam stability occurred at 
temperatures above 50° C. In figure 6 it is seen that the emulsions made 
with fat containing about 0.8 per. cent phospholipid yielded foams of mini- 
mum or low stabilities at all the temperatures below 50° C. The ai'tifieial 
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eimilsions made with fat eontaining from 0.5 to 1.0 per cent phospholipid 
had foaming characteristics more closely resembling those of the natural 
emulsion made from cream and skim milk. At 23° C. the emnlsions pre- 


/0 % /??/7J( 
0>7%phsp/?ojipid 
m L 


/o% mm ^ 

10% ph:^pm//p/a' 

//? I 


fo% m • 

O Y 0 pf?ospM/p/c/ //? f(7i 


/0%mM r\ 

0.0% p/?&spM/p// 
in /hi , 


7e/??per<7i//r&, ""C. 

Pio. 5. The effect of temperature on the stability of foams of 10% emulsions of 
milk fat, contaming varying coiieentrations of soybean phospholipids, dispersed in 
pasteurized skim milk. ; 

pared with fat containing 0.8, 0.85, and 0.9 per cent phospholipid showed 
two types of foam, a protein foam that subsided quickly and tlie very stable 
cream-t 3 ’'pe of foam. 
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Effect of increasing the concentration of the fat of constant phospho- 
lipid content 07 i the foaming of artificial cremis. Artificial creams were 
prepared by emulsifying milk fat containing 0.5 per cent added soybean 


^ M 0S o^s /0 i4 /.s 2.0 

Per />^0Sji>J?o//p/^ 

Pig. 6. Tlie effect of increasing tlae phospholipid content of milk fat from 0.0 to 
2.0% on, the foam stabilities of a 10% emulsion in pasteurized skim milk at 5, 23, 38 
and 50® 0. 


'phospliolipid into pasteurized skim milk. Natural creams were included. 
The results, shown in table 1, indicate that at 5 and 28*^ C. the foaming 
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fendeiiey and &e foam stability increase as the fat concentration increa>ses 
from 10 to 40 per. cent ; the surface tension decreases ^¥ith increasing fat 
concentration. At 50° C. the foaming capacity remains constant for in- 
creasing fat concentration, while , the surface tensions and the half-volnme 
times decrease progressively with increases in the fat. The surface tension 
values and the foaming properties of the 30 per cent artificial cream were 
very similar to those of the pasteurized natural cream of similar fat content. 

Effect on foaming properties of emulsifying milk fat, tvifh and without 
added phospholipids, in huttermilk. Wiese and Palmer (30) found that 
remade milk, made by dispersing butterfat in buttermilk, closely resembled 
whole milk in many respects, including the ehurnability of its cream. On 

TABLE 1 

The effect of concentration of fat of constant phospholipid content on the 
foaming of artificial crea^ns 



Besultsat5° 

0. 

Eesults at 28® 

C. 

Sample 

Surface 

Foam 

% volume 

Surface 

Foam 

% volume 


tension 

height 

time 

tension 

height 

time 


{dynes/ cm.) 

(mm.) 

{sec.) 

{dynes /cm. ) 

(mw.) 

{sec.) 

10% milk 


115 

12 

43,4 

40 

5 

20% cream 


162 

17 

45.0 

100 

> 3000 

30% cream 


200 

1220 

42.3 

240 

> 3000 

40% cream 


205 

> 3500 

40,0 



31% natural 
cream 

.1 51.0 

200 

> 3000 

i 

42.7 

240 

> 3000 


the other hand, emulsions made by dispersing milk fat in calcium caseinate, 
lactalbumin, lactoglobulin, or phospholipid-aqueous media behaved quite ab- 
normally. These investigators used milk fat in which the phospholipid 
presumably would be absent or nearly so. They did not add phospholipid 
to the fat. 

Two creams were made by emulsifying milk fat or milk fat containing 
0.5 per cent soybean phospholipid into buttermilk from sweet, pasteurized 
cream. Foaming y^as studied at three temperatures and the results com- 
pared with those obtained with a 31 per cent pasteurized natural cream. 
The results (table 2) show that the addition of phospholipid to the milk 
fat prior to emulsification improves the foaming properties of the artificial 
creams to the extent that they resemble those of natural cream. The foam 
stability of these creams at 5° G. and 23° 0. is almost eight times that of 
the cream with no phospholipid added to the fat. 

It appears to have been established that the natural fat globule 
membrane’’ of milk and cream is some sort of phospholipid-protein com- 
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plex. Palmer (15) stated, ‘‘Indeed, not only was it found that the emulsion 
properties and chnrnability of artificial enuilsions of milk fat in tlie various 
colloidal sols from milk plasma are >striking‘ly different from those of washed 
natural cream but also that the ‘membrane^ materials isolated from the 
washed artificial creams are also chemically distinct from the natural 
‘membrane’ substances’’. To the authors’ knoAvledge no attention has been 
paid to tbe presence or absence of phospholipid dissolved in the fat being 
emulsified. It is kiiOAV]i, liowever, that the amount of these compounds left 
associated with the fat after its isolation depends upon the method of 


TABLE 


The foammfj of 30% creams pnijared hi/ emulsifying hutierfaty ivHh and wlfhont 
0M% added soybean phospholipids y m hatter milk from 
siveet ci'eam contam47ig 31% fapA 



Eesiilts at 5 ° 

a. 

Hesultsat23® 

C. 


Surface 

Foam 

volume 

Surface 

Foam 

% volume 

Cream 

tension 

height 

time 

tension 

height 

time 

30% cream in 
buttermilk, 
no added 

(dynes /cm.) 

(nim.) 

(sec.) 

(dynes /cm . ) 

{mm.) 

■ ' 

(sec.) 

phospholipid 

30% cream in 
buttermilk, 
0.5% phos- 
pholipid ] 

added to 

■ ; 

O 

■ o 

396 

48.2 

220 

435 

the fat 

52.3 

200 

> 3000 

43.5 

240 

> 3000 

31% natural 







cream 

51.6 

200 

3000 

42.9 

240 

> 3000 

Buttermilk 







(0.4% fat) 

51.0 

170 

20 

47.1 

60 

25 


a At 60® 


C. all samples gave the protein-type foam. 

isolation (6, 21). Jenness and Palmer (9) did have some indication that 
the protein as it is “eroded” during churning pulls away varyilig amounts 
of phospholipid with it. Observations in this laboratory (18) revealed 
striking visible differences at the interface between liquid milk fat super- 
imposed upon a warm aqueous 'medium depending upon whether or not the 
fat contained phospholipid and whether or not the medium was pure water 
or contained whey proteins. The interface between the fat containing 
phospholipid and the pure water was cloudy, indicating solvation of the 
phospholipid ; all the other inteiffaces remained clear. 

The effect of incorporation of phospholipids m the fat of artificial 
. creams on some of their physical properties. Soybean phospholipids were 
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dissolved in milk fat to a concentration of approximately 1.0 per cent by 
heating to 50° C. The solution was clear but showed a tendency to give an 
iridescent-type foam. A 25 per cent dispersion was prepared by emulsify- 
ing it in distilled water at 45° 0. The emulsion was diluted to give creams 
containing 16.5 per cent butterfat, one-half being diluted with distilled 
water and the other half with a 0,5 per cent lactalbumin solution. The 
lactalbumin was isolated as described previously (4), Both creams were 
held overnight at 2° G. 


TABLE 3 


Foaming properties of creams prepared wUh 'butierfat ivith 1.0% soybean phospholipid 
added emulsified in distitted loader and in 0,5% lactalbimin solution 


Temp. 

Surface 

tension 

Foam 

height 

^2 volume 
time 

Surface 

tension 

Foam 

height 

y 2 volume 
time 

16.5% cream (1% phospholipid in 
fat) in distilled water 

16.5 % cream ( 1 % phospholipid 
in fat) in 0.5% lactalbmiiin 

X-c.) 

5 

i (dpnes/cm.) 
47 

(mm.) 

190 

(sec.) 

250 

(dynes/ cm . ) 
48.9 

(mm.) 

210 

(sec.) 

> 3000a 

16 

40.9 

40 

10 

46,6 

185 

1450a 

, 26 : i 

40.5 

20 


40.5 

30 

10 

\ y '. 37 ■ ■: ' 

29.1 

100 

> 30Q01) 

29,6 

15 

6 

- 45 ■ 

29.1 

105 

> 3000 

29.0 

15 

5 


Buttermilk from above cream 
0.61% fat 

Buttermilk from above cream 
1.1% fat 

5 

46.5 

V , 5 . ■ 

■■2' 

45.4 

70 

■ 

8 

8 

. — , 

3 

1 ’ ^ ■ 


i '■ ■ 

5 

19 

39.6 

2 


45.2 

10 ! 

3 

,37 ' V ■ 

36.7 

15 

4 . 


;,*2' . . 

1 

45 

31.5 

15 


■■■: 35,2 ■ 1 

' 8/'.' 

1.5 


^ Typical cmim-type foam. 

ijAt 37*^ G, tlie cream oiled olf and an iridescent xUiosplioUx^id foam originated, 
from the oil layer on top. 


Upon examination, the cream ' prepared in water contained large fat 
aggregates which stuck to the walls of the container and resembled those 
formed when normal cream is on the verge of ‘^breaking’’ during churning. 
On heating to 37 C., the emulsion oiled off. Churning time at 10^ 0. was 
about 5 minutes. The butter formed a solid crumbly mass and the butter- 
milk contained 0.61 per cent fat (Babcock). The other cream prepared in 
the albumin solution had a smoother body, less tendency for fat aggregation, 
and a longer churning time (about 12 minutes). The butter was more 
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plastic, the butter granules maintain tlieir iiidividuality, and tlie butter- 
milk contained 11 per cent fat. The cream formed a stable cream-type foam 
between 5 and 15^ C., and the foam decreased in volume and stability at 
increased tempei^atures. 

Table 3 shows that the surface tensions of the creams were very similar 
except at the temperature of 16° C.; those of the buttermilk from the 
lae talbumin cream were higher than those of the other except at 5 ° C . The 
foaming eharaeteristics of the creams and the buttermilks from them were 
diametrically different with respect to the effect of temperature. The 
laetalbumin-phospholipid stabilized cream gave the typical cream-type 
foam at low temperatiires; the protein-free cream yielded the typical 
phospholipid foam at the higher temimratures. 

-TABLED. ' 

Phospliortis in the filtered M from 'butter churned from artificial creams 


Sample 

no. 

Peacription 

"Weight of fat 
ashed 

Total 

phosphorus 



(a-) 

(.9-) 

1 

Original fat 

4.1527 

0 

2 

Original fat plus approx. 1% 
phospholipids 

4.0591 

0.855 

3 

Eat from blitter of cream from 
fat no. 2 in distilled water 

' ' ^ 

4.0365 

0 

4 

1 Fat from butter of cream from 
fat no. 2 in 0.5% lactai- 
bumin solution 

4.017 

0 


Phosphorus 


fat) 

0 


0.211 


The analyses for phosphorus in. the fat from the butter of each cream 
(table 4) showed that protein is not neeessaiy to ^^piiir’ the phospholipid 
from the fat during churning. Appareiitijj the mere solvation of the polar 
phosphoric acid-choline group of the lecithin and of the phosphoric aeid- 
ethanolamine group of the cephalin is sufficient. 

DISCUSSION 

The results of this study clarify, in some measure ^at least, the problem 
of making artificial emulsions of milk fat with properties similar to the . 
natural product, using milk solids as stabili;sers. Most workers in the paa| 

in the fat 


^ prior to emulsification. Wiese and Palmer (30) recognized that* '‘The 




prepared stable emulf>ions;with the; 
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proteins of milk as emulsifierSj these emnlsioris were abrioimial in one or 
more of their properties. The best churning was obtained with a phos- 
pholipid stabilizer. All stabilizers were incorporated in the aqueous phase 
prior to eniulsification. Wiese et al (29), in studies on the rebodying of 
cream, found that only those emulsions prepared with the normal fat 
globule membrane present during the emiilsification responded to the re- 
bodying process. They also noted that the composition of the butteiTat 
appears to he a factor, presumably referring to the chemical constants of 
the fat, rather than its pmrity with respect to iihospholipids. As stated 
earlier, the phospholipid content of filtered milk fat depends upon the 
purification procedure (6, 21). It is kiiowui also that the phospholipids of 
milk, cream, and butter exist in at least three states: free, loosely-boimd to 
protein (probably by secondary valences), and chemically-bound to protein 
(primary valences) (2, 17, 26). Jenness and Palmer (9) emphasized that 
the ratio of phospholipid to protein -was greater in the serum of wuished- 
cream butter than in its buttermilk. It would be interesting to know the 
ratio of cephalin to lecithin in this respect, especially in view of the work 
of Spiegel- Adolph (25), Chax'gaff (2) and Kewald (17), -who showed that 
the phosphatides of butter consisted of 50 per cent lecithin, 36 per cent 
cephalin, and 14 per cent other phosphatides. 

Exact duplication of the foaming or other physical properties of a milk 
or cream by using artifical emulsions compounded from purified milk fat 
and other milk solids isolated by chemical means obviously is extremely 
difficult. The natural membrane material from cream which has not been 
washed too well would he expected to be the best emulsifier. 

The authors postulate the following explanation, based on thermody*- 
namical considerations. Assuming that milk fat is elaborated separately 
from the plasma solids (16), that the neutral blood fat is the main pre- 
cursor of milk fat, and that blood phospholipids or phospholipid-protein 
complexes take part in its transfer, it seems logical to assume that, initially, 
milk fat contains, or is associated with, phospholipids, free and/ or linked 
to protein. These, being surface-active, would tend to migrate to the inter- 
faces between the fat and the aqueous medium during globule formation, 
their relative concentration being proportional to their surface activity. 
The phosphoric acid-choline polar group of lecithin and the phosphoric 
aeid-ethanolamine polar group of cephalin would orient themselves toward 
the aqueous phase. They would become solvated in pure water, hut, in the 
presence of plasma proteins, functional groups of both phospholipids and 
proteins likely would react through primary valences to form salt-like com- 
pounds. It is known that lecithin and cephalin form complexes with . 
bacterial ceils which inhibit the action ;bf synthetic detergents (1). 
Cephalin has been shown to react with serum albumin and salmine, the rate ^ ' 
of reaction being high; lecithin appears to react more slowly (2). : Other;- 
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less stable complexes are possible throiigii secondary valences or adsorption. 
Maclieboeuf and Sandor (13) voiced similar ideas in eonnection with blood. 

Tln>s speenlation supports the theory advanced by Eimpila and Palmer 
(20), appears possible that the Vmenibrane(may be formed before 

the fat globules become a part of the milk or that the fat globules may be 
secreted before, the milk plasma is completely formed, in which case the 
‘membrane' materials could be considered, in part at least, as precursors 
of piasina materials.!’ The speculation is not counter to the idea of a 
special ‘ membrane ’ protein, or to the finding that the membrane protein of 
cream washed four times Avith water, four times with rennet whey, and then 
four times with water, and that of an artificial whey cream washed three 
times with water, have a sulfur content practically identical with the 
natural membrane. The membrane itself was lower in lipid phosphorus 
when 'whey was not used (20) . The sj)eculation is in keeping with the lipid 
extraction data of Tayeau (|6), who found 20 per cent of the phospholipids 
in milk extractable with ether, 30 per cent with ether and soap, and the 
remainder extractable by ether after treatment with boiling aieohol to 
denature the protein in combination with the phospholipids. 

As an outgrowth of these studies the authors have adopted the practice 
of incorporating phospholipids in the fat as well as in the whey, skim milk, 
or other media in making remade milks oi’ creams, providing the media do 
not already contain appreciable phospholipid or the lipoproteiii complex; 
buttermilk requires none. The principle has found industrial application 
in making wartime substitutes for ice cream and also genuine ice cream 
(28). LeeitMUj example, is separately incorporated into both the 
aqueous and fatty phases. Josephsoii and Dahle ( 10 ) succeeded in impart- 
ing normal whipping properties to ice cream mixes made with butter or 
butter oil as the source of fat bj^ emulsifying the fat with either dried egg 
yolk or the natural ‘‘membrane suspension” before incorporating the fat 
into the mixes. These authors considered that a protein-phosphoiipid com- 
plex, already formed, “was essential for proper emulsificatioh : specificity 
was allotted to the true “membrane” protein moiety of the complex. Sell 
ei aL (23), in studies with mayonnaise, showed that the leeitho-protein 
complex of egg yolk w^as the emulsifying agent in egg yolk, whereas free 
lecithin and free cephaliii ^vere detrimental. The results of the present 
study would seem to indicate that unaltered serum proteins with functional 
groups available for combining wdth functional groups of the pho.spho- 
lipids are adequate for the formation of such complexes. 

SUMMARY 

The role of milk fat in the foaming of milk, cream, buttermilk, and 
_ their artificial counterparts has been studied at temperatures between 5 and 
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1. ^ In siieh emiiLsions two types of foam may appear separately or 
simultaneously, a protein type and a phospliolipid-protein type. At the 
higher temperatures the protein type predominates. 

2. "Whole milk, ereain, and buttermilk exhibit minimum foaming at 
30-35° C. 

3. At 35° C. the foam volume and the foam stability of skim milk are 
decreased as the fat content is increased iip. to about 5.0 per cent. With 
further increases in the fat content both the volume and stability of the 
foam increase up to a fat content of 20 per cent, after wliieli no further 
increases occur. At 6° C. the foam volume remains constant regardless of 
the fat content. The stability of the foam reaches a minimnin at about 5 
per cent fat concentration, after which it increases rapidly until a fat con- 
tent of 10 per cent is reached, above which cream-type foams of high 
stability are formed. 

4. Artificial milks and creams were made to resemble the natural prod- 
uct only when phospholipids (vsoybean) were incorporated into the fat 
prior to eniulsifieation. The medium should be a protein sol; a lactalbumin 
sol or a milk serum protein sol such as rennet whey was satisfactory. The 
most normal cream was made wheai the medium contained natural fat 
globule membrane’^ material; buttermilk met this condition, 

5. Emulsions of pure milk fat in skim milk, gelatin, or gum arabie sols 
have abnormal foaming properties. 

6. For emulsions with fat dispersed to a degree comparable to that of 
natural milk or cream, the optimum concentration of mixed phospholipids 
in the fat appears to be from 0.8 to 1,0 per cent. Unbound phospholipid 
appears undesirable. 

7. These results have been discussed as tliej^ apply to churning, to 
cream whipping, to cream rehodying, and, by inference, to ice cream 
whipping. 
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A STUDY OF MULTIPLE BIRTHS IN A 
HOLSTEIN-FRIESIAN HERD^ 

K. O. PFAU, J. W. BAETLBTT, anb C. E. SHUABT 
Department of Dairy hidustrpi College of Agriculture, 

Sutgers University, New Brunswick, New Jersey 

Dairy eows are imiparoris animals. Multiple births are relatively 
and occur with variable frequency. TAvin births are most frequent, 
triplets, quadruplets, and quintuplets are progressively rarer. Nun 
of twin births reported for individual dairy breeds range from less 

0.5 per cent to 4.5 per cent (11) and for individual herds up to 8 8 
cent (9). 

There still are differences of opinion as to Avhether twin births an 
sirable or undesirable in dairy cattle breeding (4, 5). Hewitt (7) eonsi 
multiple births a sign of increased feennditAr 


ine data tor tins study Avere taken from the records of the Holstein- 
Priesmn experimental herd at the N8av Jersey Agricultural Experiment 
Station and cover a period of about 15 years. The breeding program and 
operations pursued in this herd are rather unitine insofar as the herd is 
self-eontaming and inbreeding is practiced to a high degree The in- 
breeding with rigid selection is manifested in the preservation and con- 
centrataon of the young animals’ relationship to the noted sire, Ormsby 
. ensation 45th In publications of Bartlett and Margolin (1) and Bartlett 
• ( , ) detailed accounts are given of the conduct and progress of this 
experimental breeding project. Prom these reports it is evident that the 
artificial selection was not specifically directed toward reproductive effi- 
ciency and twinning but toward such qualities as milk and butterfat pro- 
duction, butterfat percentage, and body conformation. 

RESULTS 

By nature of the character investigated, the results must be so evaluated 
-Received for publication ISTovember 6 1947 ' 
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that small changes in actuaiiiximbers could have notable effect upon some of 
the suiiiniaries and averages. 

Genercil oociwrenm of multiple lyirths. From 1931 to 1946 there were 
937 parturitions and abortions available for observation. Of these, 37 or 
3,95 per cent were twin births and 2 or 0.21 per cent triplets, making a 
total of 39 or 4.16 per cent multiple births. In other words, the average 
ineidenee of twin births was one in every 25.3 and triplets one in every 
468.5 births, or one multiple birth in every 24.0 births. The 39 multiple 
births were observed in 36 cows; three cows gave birth to twins twice. 
Since only two sets of triplets occurred and the gestation of one set ter- 

TABLE 1 


Miyitipie ’birtJiH in relation to age of dam 


Affe by pa-rtiiri* 
tion no. 

Observed 

parturitions 

Observed multiple births 


. 

(no.) 

(%) 

■ t 

269 

' 2 ■ 

0.74 

■ 2. ' 

199 

. 10 .. : 

, d.03 

; ^ , V' i 

1 . 142 

■ 6 ; 

■ 4.23 

:.4 : 

[ 100 

5 ■ 

1 5.00 

5 j 

77 ■ 

0 

7.79 

' ^ ■■ ■ . : ■ 1 

51 

5 ^ 

i 9.S0 

7, : ' j 

41 

; 3. ' 

7.32 

■ 1 


0. ; 

i 0 


23,' '■/ J 


4.3d 

10 

' ' i ]■'] 

1 ' ' ; ' 

1 25.00 

.11 


■' 0 ■ : .-i 

r; ■ 0 ■ 

Summary 

■■■ ''937' ' ' 

■■ 39 ' ■! 

4.16 


miiiated in an abortion without sex determination of the fetuses, it was 
considered advisable in these in^‘estigations to include the triplets along 
with the twin births. 

TtDi7ir births im relation to age of dam. Frequency of twinning in re- 
lation to age of dam is summarized in table 1, where age is expressed in 
parturition numbers. The first parturition occurred at an. average age 
of about 29,5 months, and the average interval between parturitions was 
about 14.5 months. This tabulation shows that the number of twin births 
has been extremely low at the first parturition. From then on it increased 
with age at calving, first increasing abruptly at the second parturition 
and then gradually reaching a peak at the fifth, sixth, and seventh par- 
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tiiritions. Above these ages a decrease seemed to take place, but in view 
of the small number of cases not too much weight should be given to this 
observation. 

Length of twin gestations. Conhrming Hewitt’s findings in British 
Friesian eo%vs (7), twdn gestations in this herd -wexe of shorter duration, 
than gestations of single calves. The highlv significant dilferenee amounted 
to about 7 da.ys. Bet’ween the sexually unlike twin pairs, differences also 
existed, as showui in table 2. The mean length of gestation of the male pairs 
was greater than that of the sexually-mixed pairs and considerably greater 
than that of the female pairs. It appears, as in the ease of single calves 
(10), that sex of the fetuses has an influence upon length of gestation. 

. Sex ratio. The sex ratio of 36 twin and one triplet births was found 
to be 33 males to 42 females, or 44 per cent males. The theoretical ratio 


TABLE 2 

Length of gestation of twins 


' ' . ' i 

Ho. of 
gestations 
observed 

Length of gestation 

Mean days 

Standard devia- 
tion days 

Mai© pairs 

: ' 

275J3±3.97 

6.87 ±1,98 

Sexually-mixed pairs 

11 

273.64 ± 2 J4 

8.23 ± L75 

Female pairs 

14 

270.00 ± 2.56 i 

8.86 ±1,68 

Summary 

31 

272.99 ± 1.68 

9.37 ± 1.19 


of twdn pairs, 1 :2 c?? : 1 ?? was met by an actual one of 9 <?<? : 

13 c?? : 14 ?5j or 1,00 : 1.44 : 1.56. Although these ratios are rather un- 
usual, their differences from the theoretical are not statiKstieally significant. 

Vitality of mtdtiple calves. The vitality of multipie calves w^as 
evaluated according to the number born dead or that died ■within 2 days 
after birth and by following up the individual life histories of female 
twin pairs. 

Th(l mortality rate at birth for each sex is presented in table 3. It 
was slightly higher for male calves than for females. The average for 
both was 22.67 per cent, in contrast with only 9.65 per cent for the whole 
herd. 

The lii>story of the 14 female twin pairs revealed that 6 individuals, 
or 21.43 per cent, w’^ere born dead or died soon after birth; 5, or 17.86 
per cent, were sold when immature, mostly for reasons of selection ; 6, or 
21.43 per cent, freshened in the herd but showed relatively poor production 
and breeding records; only 3, or 10.72 per cent, remained in the herd 
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for the length of their natural life, aTeraging 8.5 years, and exhibited 
relatively good production and breeding records ; and 8, or 28.57 per cent, 
still in the herd at the time of this writing were immature, ranging in 
age from 4 to 18 months. 

The mortality rate and life history of these heifer calves strongly in- 
dicate that twins have a lower vitality and poorer prospects of iDrodiietive 
life than single calves. 

Betaine d placentae and twin 'births. The condition of retained pla- 
centae after twin births was very much aggravated -when compared with 
births of single calves. Of 31 apparently normal multiple parturitions, 
23, or 74,19 per cent, were accompanied by this condition. The percentage 
for the whole herd was 23.10. 

Conception rate of dayns after hvin births. After giving birth to twins, 
the dam^s eonception rate for a succeeding pregnancy should be another 

TABLE 3 

^ Mortality of multiple calves 



Males 

Females 

Total 

No. of calves 

33 

. 42 ■' 

75 

Dead and aborted calves 

8 

■ 9 ■, 

i . 17 , 

Per cent mortality 

24.24 

' ■ '21.43 ■ 

22.67 


mdieatiou of the possible effect of twinning on future breeding efficiency. 
An analysis of the records revealed that 71 services were required for 22 
safe pregnancies in as many cows after twin births, corresponding with a 
conception rate of 3.23. This conception efficiencj^ was almost 50 per cent 
lower than that of the herd average, which amounted to 2.21. 

Calving mterval after twin births. After the 37 twin births, apparently 
normal pregnancies and parturitions were noted, in 13 instances. The 
mean calving interval was 483.5 ± 22.3 days. This interval corresponded 
with a breeding efficiency of 75.41 per cent, which was considerably be- 
low the herd average of 82.59 per cent. This difference alone suggests 
that twin births cause a reduction in reproductive efficiency. 

Influence of twin birth iqwn future reproductive performance. In the 
39 cases of multiple parturitions, 15 cows, or 38.46 per cent, continued to 
produce in apparently normal fashion, except for the higher conception 
rate and longer calving intervals. On the average, these cows survived 
their twin calving age by 2.33 parturitions. Five cows, or 12.85 per 
cent, became sterile,' 12 cows, or .30.77 per cent, were sold for various 
reasons shortly after giving birth to twins; and three cows, or 7,69 per 
cent, died after the twin parturitions, one because of hardware^ another, 
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from a ruptured uterus, and the third from an iiukiiown cause. Of the 
four remaining cows which have given birth to twins within the last 9 
months and which are still in the herd, two already have exhibited 
breeding troubles. 

This recorded information does not warrant definite conclusions in re- 
gard to the influence of twin births on the future reproductive perform- 
ance of the co-ws. The five proved eases of sterility are not in excess of the 
expectation for the whole population. It must be remembered that the 
disposals include a number of eases which must be regarded as doubtful 
in this respect. On the other hand, the first group, wdiich consists of 
the 15 cows with an apparently normal reproductive performance after 
t-win births, comprises the largest proportion of the grouped twin dams. 
Their performance at least implies that twin hirths do not necessarily 
cmuse breeding troubles with sterility implications or shorten the repro- 
ductive life of the cows. 

Breeding e'fficiency of twin dams. Previously it was shown clearly 
that twin hirths exert a depressive effect upon the dam ’s subsequent 

TABLE 4 


Breeding efficiency of twin dams compared with the herd as a whole 



No. of 

Pereentage of bi*eediiig efdeieney 

Group 

eases 

Mean 

Standard 

deviation 

Goefdeieiit 
of variation 

Skewness of 
distribution 

Herd as a whole 

1 

144 

83.99 ±0.94 

11.32±0.66 

13,48 

-f 0.0483 

Twin dams ...... ... 

26 

83.46±l.o9 

7.96±L10 

: 9.54 

— 0.0302 


breeding efficiency. That this wdll affect a cow’s lifetime breeding effi- 
ciencj^ in proportion to her life span is acknowledged for the following 
analysis. 

The lifetime breeding efficiency 'was determined for 26 twin dams, 
the only ones with complete records available. Their mean breeding effi- 
ciency and the standard deviation and coeffieient of variation, as well as 
the approximate measure of skewness, were compared with the respective 
values of the herd as a whole. 

Table 4 shows that almost no difference existed in the mean breeding 
efficiency between these two groups. The values for the standard devia- 
tion and coefficient of variation were considerably smaller for the twin 
dams than for the whole herd, denoting a greater uniformity of the twin 
group. Moreover, the distribution of the twin group was skewed positively, 
that is, toward the higher values, while the distribution of the whole herd 
was skewed negatively. Since twdiining in itself has a depressing effect 
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upon the breeding efficiency, as already establi>s]3ed, and since the frequency 
distribution of the herd as a whole mai'kedJy is skewed toward the lower 
values, a strong argument is offered for a fundamentally higher breeding 
efficiency in favor of the twinning group. 

- 3Hlk production of twin dams, A study of the relationship between 
twinning and milk j)roduction was another object of this investigation. 
For this purpose the records of the 26 tAvin dams already employed in 
the analysis for breeding efficiency Avere considered suitable for a com- 
parison of the milk production betAveen tAviii dams and the herd as a AAffiole. 

The milk yield iii both groups AA-as expressed in pounds of 4 per cent 
fat coiTCcted milk (5) per day on a mature equivalent tAAUce-a-day milk- 
ing basis. The actual milk yield AA^as eoiiA^erted to the mature equiA-alent 
by the use of conversion factors based on the production records of the 
herd itself. The daily average Avas calculated on the total adult clays 
the indiAudual coav stayed in the herd, starting at the age of 27 months 
and continuing until her last cahdng. 

TABLE i5 

MilTc ^roductkm of twm dams compared luitli the herd as a whole 

Milk yield in lb. 


Twin dams 


No. of 

cases 

Mean 

Standard 

Goefiicient 

SkeAATiess of 


deviation 

of variation 

distribution 

20 

30.08±:1.06 

5.32+0.74 

17.70 . 

— 0.7080 

144 

.29.10±0.59 

7.11+0.42 

24,42 

— 0.3047 


The results are presented in table 5. The constants chosen for this 
comparison Avere the same as those used for the analysis of breeding effi- 
ciency. The mean milk yield Avas insignificantly in favor of the tAAun dams 
(P:=0.70). The standard deAuation and the coefficient of variation of 
the tAvin dams AATre considerably smaller than those of the herd, indicat- 
ing greater uniformity for the first group. The frequency distributions 
of both groups Avere skeAA^ed negatiA’^ely. This analysis indicated that the 
twin dams Avere at least equal in milk production to the herd as a AAffiole. 
Superiority on this basis alone could not be demonstrated. 

Comparison of various characteristics of fertility in twin dams and in 
the whole herd. Although the results of some investigations (7) indicate 
that twinning in dairy cows is associated with high reproductive qualities, 
this question is far from settled. Few data are available for correct evalua- 
tion of fertility itself, much less in relation to twinning. Thus, although 
tAAnnning ma^^ be an expression of female fecundity in itself, the structural 
form of the female reproductive tract seems to obstinict the expression. 
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Tills conflict could be noted in tlie records and investigational results 
already cited and might interfere with most comparisons. 

Besides breeding efficiency, the following criteria were used in the 
evaluation of reproductive performance : Live and dead calves born, twin 
births, abortions, and retained placentae. The comparison between twin 
dams and a representative group of cows produeing only single calves is 
shown in table 6. 

From this tabulation it will be seen that with the exception of the per 
cent of live calves, these measures of fertility all were in favor of the cows 
giving birth to single calves. That the greater percentage of living calves 


Total no. of cows observed ... 

Av. eoeftieient of inbreeding per cow 

Av. gestation number obs'crved 

Av. conception rate 

Based on total no. of parturitions : 

% of live calves 

% of dead calves ... 

% of multiple births 

% of abortions 

% of retained placentae 


28 

142 

0.09 

0.09 


3..12 

2.53 

2U0 

100.00 

83.35 

17.50 

7.83 

23.33 

0.0 

9.17 

6.57 

30.83 

18.69 


foi’ the twin dams^ group was due almost exclusively to the twin births 
was revealed simply by adding the percentages of live and dead calves in 
both groups and subtracting tlie percentage of multiple births from the 
twin clams' group. Should allowance be made for the lack of vitality of 
twin calves, this slight superiority would vanish. 

Another important point in this tabulation is the average observed 
gestation number, which is considerably higher for the twin dams. Since 
the gestation numbers stand in relation to the average age at calving of the 
COW'S, their averages indicate strongly that the twin dams w^ere older than 
the cows with only single calves. Two factors might have contributed to 
this effect. Probably the main factor was the expression of twinning rela- 
tively late in life, making the twin dams a selected group in this respect. 
Many of the younger cow'S in the second group were potential twdn dams. 
The other factor w^ould be that twin dams actually were longer lived. 


TABLE 6 


Comparison, of various measures of fertility 
hetmeen twin dams and other herd represe7iiatives 


Herd 

representatives 
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T'wimiing and ioihreeding. When twinning was set in eonti^ast with the 
degree of inbreeding of the cows in the herd, as illustrated in. table, 7, a 
non-uniforni positive trend between these tAVO eharaeteristies Avas observed. 

This f eato^e does not mean that twinning Avas dependently related to 
the degree of inbreeding as such. It indicated rather well, hoAA^eA^er, that 
the factors for the tAAdnning disposition w^ere present in some of the 
foundation animals. By directing the breeding operations to the inbreeding 
of such animals, these factors became more concentrated in some coaa^s and 
expressed themselves more often than in the foundation coavs. 

The herediiary aspect of twinning^ Heredity control of multiple births 
in mammals has been proved amply in sheep, goats and other animals. In 

TABLE 7 

Comparison of in'breedmg with twinning 


Group 

Coefficient 
of inbreeding 

jSTo. of 

cows 

No, of 
parturitions 

No. of 
twin births 

% of ; 
twill birtlis 

-1 ' ' ; 

0.00 

55 : 

116 

■ 2 

1.72 

■■ 2' 

0.01-0.04 

■ 92 

291 

10 

3.44 

a 

0.05-0,09 

21 

67 

0 

0.0 

, 4 . ! 

1 0.10-0.14 

36 

S7 

4 

4.60 

5 

1 0.15-0.19 

29 

73 

7 . 

9.59 

6 

0.20-0.24 

9 

16 

1 

6.25 

7 

0.25-0.29 

10 

22 ■ 

1 

4.55 

8 

0.30-0.39 

■S' V 

8 

1 

12.50 

Total 


255 

680 

26 

3.82 . 


dairy coaa-s this proof is attained only AAith difficulty, because its rela- 
tively rare appearance and its dependeiiee upon the dam^s age frequently 
hide the presence of this character. The small number of offspring In 
dairy cows and, possibly, eimronmehtal inflnenees ui)on tAvinning con- 
tribute to the difficulties. Statistical investigation of the problem AAmuld 
necessitate large numbers of reliable and complete I’ccords such as those 
accumulated in herd book organi^iations, Unfortiinately^ these generally 
lack completeness, because only promising offspring are repoiffed. An 
altexmative, used in the present study, is the investigation of individuals 
and family groups in large herds Av^here complete records are kept oA^er 
long periods. 

In table 8 the occurrence of tAvin births by parturition numbers is 
sixmmarmed for the members of 21 coav families which make up over 90 

of ten of these families never had any 
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t-wins recorded. In tlie remaining 11 families the rate of twin parturi- 
tions i^anged from 2.63 to 18.18 per cent. 

In table 9 the twin parturitions of the daughters of 19 sires are pre- 
sented. These daughters are, for the most part, the same cows represented 
in the cow families listed in table 8. In grouping these cows according 
to their sires, it was found that nine sires did not have any daughters with 
twin births. The remaining ten sires had one or more daughters which 
gave birth to twins. On the basis of all parturitions of the daughters of 

TABLE 8 

Oecurrenee of twins hy eoiv families 


Oowfaiiiily 

no. 

No. of 
parturitions 

No. of 
twin pairs 

Ct- of. 
twill pairs 

3 

20 

0 

0.0 

15 

17 

1 

0.88 

20 

IS 

0 

0,0 

37 

23 

1 

4.35 

61 

66 

6 

9.09 

64 

■22 

4 , 

18.18 

66 

48 

2 

417' 

68 

„ 20 

; 0,- 

0.0 

69 

, ■ 21 

1. 

4,76 

■ 75 I 

14 

0 

0.0 

, , 78 . ’ 

20 

■ 1 . 

5.00 

SO 

26 

0 

0.0 

82 

34 

.9 

5.88 

91 . 

7 

0 

0.0 

92 

38 

1 

2.63 

93 

^ 24 

/ 1 J 

4.17 

95 

.. ■ 17 

■■ 0 

0.0 ' 

96 

■ 14 ■; 

. „ 2 

14.29 

97 

( ' 15 

0 

0.0 

100 

' 13. 

' ()■ .■ 

0.0 

103 

; 25 

; . '0, , 

0.0 

Total 

502 

90 ■ ■ 

4.38 
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these individual sires, the ten danghte3‘ groups varied from 2.27 to 14'29 
per cent in twin births. 

This variation in both groups might be attributed to three sources, 
namely, pure chance, environment, and the genelic twinning disposition of 
sires and dahis. The emerging combination of the daughters^ germ plasm 
founded upon the physical basis of heredity was the determining pidnciple 
of this disposition. Environmental factors such as feeding and management 
probably were of very minor influence. Hormonal therapy, though of con- 
siderable importance in twinning, as shown by Hammond and Bhattaeli- 
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aiya (6), was of no consequence in this herd. With the generally low per- 
centage of twin births, the expression of the disposition was very uncertain 
and the chance factor could not be discounted. 

By means of genealogical diagrams of cow families that have had a 
relatively high number of twin births it can be demonstrated that the dis- 
position for twinning is inherited. 

Figure 1 is a genealogical diagram of cow family 61. It is arranged 
with the foundation cow on top, her female progeny following down the 

TABLE 9 


Occurrence of pwins l>y sires^ daughters 


Sire 

no. 

No. of 
(laughters 
included 

No. of 
parturitions 

No. of 
twin pairs 

, % of 
twin pairs 

A 

6 

20 

0 

0.0 

B 

4 

10 

0 

0.0 

0 

13 

■ U ' 

1 

2.27 

1) 

■ 4 

10 

0 

0,0 

E 

19 

62 

3 

4.84 

E 

S 

' 41: 

1 

2.44 

H 

Cf 

8 

1 

12.50 

I 

18 

68 

3 

4.41 

■ ■ ■ L . 

6 

21 

0 

0.0 

■N .. 

. 15 1 

41 

1 2 ' 

4.88 

0 

h ■ 27 ■■ ■ J 

77 , 

! 7 

9.09 

E 

^4 

i' • 5 , ' 

.. 0 

0.0 

T 

' .32.^ :■ , 

80 

2 ' 

/ 2.50 

IT 

18 

; 35 I 

2 i 

* 5.71 

V 


10 

'.0 ■ 

0.0 

W 

' . 5 

' 11 

0 

0.0 

X 

6 

14 

■ 2' ! 

14.29 

P-1 

3 

.8 

0 

0.0 

F-1 

3 

4 

0 

1 : 0.0 ■ 

Total 

201 

' 569 

24 

4.22 


line, generation by generation. The individual offspring is designated by 
herd number. After the cow’>s number is given in parentheses the num- 
ber of her twin parturitions, if any. For the younger offspring alive in 
the herd at this writing, the letter P for prospect was added. Animals 
that are twins themselves are so designated by numbers' in bold-face type. 
Below the female’s identification number is ascribed the sire’s identifica- 
tion, generally by a letter or letter with number. Beyond that, separated 
by a dash, the percentage of twin births of the sire ’s daughters is given as 
far as it is known. 

The figui'e illustrates how the transmission of the disposition for twin- 
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iiing may work out in a relatively large eow family. Foundation cow 61, 
lierseif a twin, AA^as sired by bull C, Avbose daughters born in the herd 
shoAA^ed only 2.3 per cent tAvinning. Cow 61 had five daughters with repro- 
duction records. They AA^ere sired by three different bulls, making three 
of them full sisters by sire Ej Avhose daughters averaged 4.8 per cent tA?in 
births. Their records and especially those of the three full sisters suggest 
strong^ a segregation in the Mendelian ratio. Tato of the three full sisters, 
namely nos. 67 and 294, started progeny lines of their oaaui. Neither of 
these lines exhibited any tAviiining. The third full sister, no. 256, produced 
one pair of tAvins in her second parturition. Unfortunately, she did not 
leaA^e any progeny in the herd. Her early expression of the tAAnniiing 
character suggests, hoAvever, that she AA^as highly predisposed to it. 


z 
o 

E>ii 
a 

u { 

Z 

lU I 

O IV 399 

R-o.o 


256 (i) 


208 


294 

E-4.8 


330 


M. @ 


E-4.S 


1-4.8 


386(0 426 475 608 P 530 P 

0 - 9,1 1 - 4,4 0 - 9. 1 >.T- 2,3 ^F- 0.0 


280 ( I ) 


339(f) 


1-4.4 


4j5(i) 476 

U- 3.7 T- 2.5 


422 468 

U-S.r U-5.7 


533 666 P 603 P 637 P 

HI - Y J - X-14.3 Hi- 


607 P 553 P 574 P 5^ 

Fl- 0.9 T- 2.5 0 - 9.1 HI- 


638 P 

Ml - 


606 P 


648 P 
MI- 


PiG. 1. Piagram of cow family 61 sliowing the extent and distribution of twin 
births, which amount to 9.09 per cent of all observed parturitions. For explanations 
of the diagram see text. 

Daughter no. 208, AAdiich v^as sired by a bull designated ilf. B. and for 
AAdiich no tAAdnniiig record eonld be established because of lack of daughters 
in the herd, started the longest line of progen^L Though no. 208 herself 
rcA^-ealed no tAviiming disposition, her progeny Ausibly exhibited it to an 
extreme degree. BA^ery one of her three daughters gave birth to 
one pair of tAvins. In turn, their progeny (generation lY) again suggest 
that Mendelian segregation might have been at Avork. The animals listed 
under generations Y and YI are too young at present to alloAA^ any con 
elusion. 

The fifth daughter, no. 330, of foundation coav 61 Avas sired by bull 0 
Avhich Avas by progeny test a highly predisposed animal. Coav 330 calved 
only twice in the herd and produced single bull eah^es. Her disposition 
for tAvinning, therefore, ncA^er will be ascertained. 
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A similar investigation was made on covv family 64; her genealogy is 
diagrammed in figure 2. Family 64 was relatively small. Over a period 
covering five generations, this family was just about holding its own. In 
respect to twinning, this family’s record, amounting to 18.18 per cent, was 
higher than that for any other cow family observed. The distribution of 
twin births extended over only three generations. The foundation cow did 
not visibly express any twinning disposition and the descendants in 
the fifth generation w’^ere too young to show any. A segregation into un- 
usually predisposed and undisposed lines was hinted in this family, a fea- 
ture closely resembling that of family 61. 


Fig. 2. Diagram of cow family 64 showing the extent and distribution of twin 
births, which amount to 18.18 per cent of all observed parturitions. For explanations 
of the diagram see text. 

In both families virtually the same bulls appear as sires to the progeny. 
Sire 0, with a high average twinning rate, is especially conspieiious as a 
sire of twin dams ; so also is sire /, with a relatively low average rate. Both 
these sires are inbred to bull (J, which is also the sire of both foundation 
cows. Sires E and F, both outbreds, are conspicuously present in the iion- 
predisposed lines. 

Obviously, the low frequency of twin births does not warrant definite 
eoneiusions with respect to the mode of transmission of twinning. The 
continued use of inbred sons and grandsons of bull C for several genera- 
tions in succession and with it a concentration of certain genes of this bull 
suggest the possibility that he carried genes which foster twinning. In 
addition, it is observed that other inbred sons and grandsons of the same 
bull, as sires T and B, have very low rates for twinning. It should be 
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recalled that almost half of the cow families and. half of the sires iiever 
showed any tendenc}^ for twinning. All of these observations point 
strongly to the conclusion that twinning in daily cows is inflneneed 
chiefly b}^ heredity yet expresses itself dilferently with age. The mode of 
transmission could well be understood by the assumption that twinning 
is under the control of a small number of autosomal genes which express 
themselves incompletely. The transmission seems to be recessive in char- 
acter, wdth gene interactions ormodifieations. 

Discussioisr AND CONCLUSIONS 

The observation made in this investigation that twinning is rare in the 
first parturition, rises to a peak in the fifth, sixth, and seventh parturi- 
tions, and then decreases with advancing age hainnonizes closely -with the 
general cycle of fecundity in most multiparous inaniiiials. From this 
observation alone it is most probable that twinning is an expression of 
fecundity or the xiotential rexirodiictive capacity of a dairy cow. However, 
if daily cows are considered as strictly uniparoiis animals, and they should 
be so considered according to the structural development of their repro- 
ductive tract, twinning could be regarded as eases of reversion or atavism. 

Evidence was presented that twinning is chiefly eontrolled by heredity. 
The effect of environment seems to be of very minor imx>ortanee. The 
mode of transmission of the twinning cdiaraeter in dairy cattle is obscured 
by its relatively rare and incomplete exiiression, its sex-limited and age- 
limited apiiearaiice, and the small iiuinber of oft‘sx>ring inherent in cattle. 
The f actual manifestations of transmission in. two cow families over a 
number of generations provided impressive indications that twiiining 
exhibits Mendeli an segregation and seems to be under the control of a small 
number of genes. The eiiaracter of twinning should be recessive with gene 
interactions or modifications. By making use of these findings it is 
feasible that in practical breeding operations twinning in dairy eatt,]e could 
be influenced considerably in either direction. 

The question then arises as to wdiether twinning is a desirable char- 
acter in dairy cattle. If the available data all are accepted at their face 
value, twinning is associated with the increased production of calves by 
sheer numbers; if this fact is serutinfeed from the actual reproducing 
value of the female line, the contrary is the case. Of the theoretical twin 
sex-ratio, 1 cf<? : 1 for all p only the female 

pairs are suitable for rejDroduetion in the direct female lines. Theoreti- 
cally, the number of these female twins would just be equal to the number 
of single females. Since twin calves have a higher mortality rate at birth 
and, apparently, a lower vitality throughout life than single calves, the 
real fact is that twimiing has a harmful effect on the continuity of the 
female lines. 
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If the face value of data favoring the association of twinning with 
longevity is examined closely, the degree of association diminishes consid- 
erably. Twin births occur generally late in life, increase with adyaneing 
age, and are incomplete in appearance. If every animal in a group is 
expected to show this character, almost all the animals of this group have 
undergone an intense selection with respect to age. Therefore, almost any 
comparison of twinning in regard to age is of very questionable reliability. 

Definite disadvantages of twin births include shortened gestation per- 
iods, greater parturition difficulties with subsequent increasevs in retained 
placentae, decreased conception rate, lower breeding efficiency, and in- 
creased sterility. 

In summarizing all these factors, there is no doubt that twinning 
definitely is aii iindesirable eharactex’ in dairy cattle, and efforts should be 
made to reduce its appearance by proper breeding methods and selection. 
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A STUDY OF THE BEOWNING EEACTION IN WHOLE 
MILIC POWDEE AND ICE CREAM MIX POWDERS 

K. P. TABASSUK AND E. L. JACK 
Division of Dairy Industry, University of California, Davis 

The development of a brown color dxxxnng storage is an index of deter- 
ioration in many foods. Broxvning during storage usually is not observed 
in commercial dry milk, but some observations on milk poxx^ders prepared 
for other pxxrposes led to the consideration that incii)ient broxvning might 
be related to the development of stale and oxidized flavors in milk poxx^der. 
Conseqxxently, it seemed adxdsable to inx^estigate the factors contributing 
to broxvning and the possible relationshix> to other deteriorative changes in 
milk poxvder. 

HEXUEXV OP LITERATURE ‘ 

The iiteratxire on the browning reaction in foods is voliuniiiGns. Excel- 
lent reviexvs of iiteratxire on darkening of various foods and fundamental 
aspects of the broxxniing reaction hax^e been presented in project reports, 
Committee on Food Research, QMC, in the last txvo years. The literature on 
broxxuimg reaction in dairy prodxxcts has been rexdexx^ed recently by Sharp 
and Stexx^art (11). The broxxming in dairy products, similar to other foods, 
is attribxited to txX'O possible reactions: the caramelization of lactose and 
a Maillard-type reaction betw^eeii lactose and milk proteins leading to forma- 
tion of amino-sugar componnds, Webb (12) believes that a iactose-amino 
combination may aeeoxint for much of the broxvning of autoclaved milk, 
xvith earainelizatioii of lactose by phosphates as a contributing factor. 
Regardless of the mechanism of the reaetioii, the intensity of Inwning 
produced in milk is knoxvn to be inflxxenced by certain factors, namely, the 
pH of milk (9, 13), larhose concentration (6, 9,^^ 1 teniperatxire and 

time of heating (9, 13). The major chemical change in milk related to the 
broxx'iiing reaction is a x>^5Ttia] eonx^ersion of lactose into acids (7, 14). TJie 
acids prodxxced are mainly lactic axui formic (3, 7). Kometiani (7) could 
not account for the total increase in acidity in broxvning as derived from 
lactose. He attribxited part of the increase in acidity to an increase in free 
carboxyl gi'oxips in the casein moiecnle. 

The published information on broxvning of dry milk products is limited 
to the study of Doob et al, (2) on browning of dried whey and skim milk. 
Both products were roll-dried and none of the samples studied was gas- 
packed. The browning of these products xvas affected chiefly by moistxire 

Beeeived for ijublieation Nox’-ember 2(>, 1947. 

1 The subject matter of this paper has been undertaken in cooperation xxitli the 
Quartermaster Corps Committee on Pood Besearch. 
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content^ temperature, and time of storage. Aeeording to tlie authors, 
browning is markedly accelerated at temperatures above 30° C.; however, 
even at 50° C. browning could be inhibited by low moisture content. An 
increase in titratable acidity and a decrease in pH aceompanied browning 
of dried whey and skim milk. 


EXPERIMENTAL PROCEDURE 


All powders of whole milk and ice cream mix used iii this study were 
made by the spray process under standard commercial conditions of proc- 
essing. Ice cream mix powder was prepared in a eommereial plant with a 
Rogers-type drier. Whole milk powder was prepared in a commercial 
experimental plant equipped with Mojomiier stainless steel processing 
equipment and Mojomiier drier. All samples were packed and stored in 
1-lb. tin cans unless otherwise specified. Gassing of samples refers to evaeii- 
ation and gassing with nitrogen. Gas analysis was made aeeording to 
procedure of Peters and Van Slyke (8) with a Haldane gas apparatus. The 
pressure of gas in cans was taken at 22-24° C. with an attached gas appara- 
tus manometer built for this purpose. The degree of browning (except for 
the first experiment) was measured by visual comparison of the sample with 
a set of dry powder standards, the procedure developed by Boob et ai 
(2). These standards are made up of mixtures of potassium chromate, 
ferric oxide, Norrit and sodium chloride to give colors ranging from white 
to medium brown in 14 divisions and numbered from 0 for the white to 13 
for the darkest standard. Ascorbic acid and total reducing substances were 
determined by indophenol titration, as described by Sharp (10) and modi- 
fied by Doan and Josephson (1). In one experiment the reducing sub- 
stances were determined also by a modified Chapman method and ex- 
pressed in terms of ferricyanide values. Moisture was determined by the 
toluol-distillation method, and the solubility index by the method recom- 
mended by the American Dry Milk Institute. The QMC score card of 1 to 
15 was used in assigning the numerical value of the organoleptic score. 



EXPERIMENTAL RESULTS 

. Experiment I. Effect of high humidity on Irourning of milk powder. 
In this experiment, samples of freshly, prepared whole-milk powder were 
vacuum-packed in special laminated packages, shown by previous experi- 
ments to be water-vapor permeable but supposedly not air permeable.^^ The 
vacimni-paeked samples were placed in a wet incubator at 95 per cent 
relative humidity and the thermostat set at 40° C. During the experiment 
the thermostat stuck and the temperature rose to 45° G. or more. This 

2 The authors are indebted to Mr, W. C. Cole and Mr. E. S. Chase, Eesearch Labora- 
tory, Arden Farms, Los Angeles, for their valuable contribution in securing the data 
of Experiments I and II. 





increase in temperature undoubtedly accelerated the ehanges under cionsid- 
■eration but did not destroy the value of the experiment. Samples were 
withdrawn at intervals from the incubator for testing, Kesults of these 
tests are pi'esented in table 1. 

Storage of whole milk powder under high relative humidity at 40 to 
45 '" C. led to a rapid browning of samples. The browning was accompanied 
by a decrease in vitamin C, decrease in solubility, and iiici'ease in ferri- 
•cyanide value. With the increase of moisture in powder, there was a devel- 
opment of mild stale flavor at first ; but as browning appeared and 
developed, the stale flavor either decreased or was masked by a burned or 
caranielized flavor. 

E'xpeyHmeMt 11. The effect of moisture content of powder on the rate 
of browning. The effect of moisture content of powder on the rate of 
hrowning also is brought out by the data of Experiment II. In this experi- 
ment, samples were prepared to contain approximately 4 per cent and 7 
per cent moisture by adding water drop by drop from a pipette to milk 
powder as it was stirred in a Hamilton Beach Mixer. The prepared samples 
w^ere packed: (a) in air, using x)int mayonnaise Jars, and (b) vacuum- 
packed (vacuum of 28 inches) ill special vacuum-holding laminated 
paekages. Samples were stored in an incubator at 45® C. Subsequent analy- 
ses showed that within the same moisture grouj) of samples, there was a 
variation ill the moisture up to 0.9 per cent The vaeuum-xiaeked samiiles 
lost some moisture as the result of subjecting the samples to vacnnm treat- 
ment. The data on browning and reducing groups (ferricyanide value) 
of the samples are presented in table 2. At 4 per cent moisture and storage 
at 45® C. there was no significant change in color on storage for 26 days. 
Samples containing 7 per cent moisture darkened significantly within the 
first 2 weeks of storage. Air-packed powder showed no consistent and sig- 
nificant difference in the degree of browning as compared with the same 
powder vacuum-packed at the levels of moisture tested. 

The solubility index was run on the samples after 2 and 3 days of 
Incubation. By then, the high-moisture samples were very insoluble, and 
continuation of the tests seemed unnecessary. 

' Experimen/t III. Gm changes during brow thing of whole milM powder. 
Early observations on browning of some ice cream mix powder samples 
packed under air and under 3 per cent of oxygen indicated that the brown- 
ing was retarded in gas-packed samples. In one case, ungassed ice cream 
mix powder on storage at 45® C. for 3 months was dark brown and the same 
product gassed was only very slightly discolored. These samples originally 
were below 2 x)er cent in moisture but were badly contaminated with iron, 
which might exi)lain why browning took place at that level of moisture in 
powder. Other samples of powder, free from iron contamination and with 
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moisture content of 2.5 per cent or lower, did not sliow any discoloration 
on storage at 44-45° C, for over 1 year. It is probable that iron accelerates 
browning in milk powder, as it has been shown to do in orange juice (5) 
and in lemonade and orangeade powders (4). This acceleration of browning 
does not explain the difference, howeTer, in degree of browning in gassed 
and luigassed samples, unless removal of oxygen inhibits browning as in 
the case of orange juice (5). The data of Experiment II in this report 
show clearly that in samples of powder of high moisture content the degree 
of browning was not affected significantly by a partial removal of oxygen. 

In Experiment III the samples of whole-milk powder were prepared 
to contain approximately 7, 4, and 2 per cent of moisture. This was aecoinp- 
lished by placing freshly prepared powder at 2 per cent moisture in a 
special stainless steel chamber of high relative humidity. The powder in 
this chamber wa>s mixed frequently, and ineorporation of moisture up to 7 
per cent was accomplished in 44 hours. The samples at each level of mois' 
ture content were packed under three levels of oxygen, that of 21 per cent, 
about 10 per cent, and less than 2 per cent by packing, respectively, in air, 
with single gassing and double gassing. All samples were packed to eontaiii 
14 ox. of powder. The free-spaee gas volume, as calculated from gas pres- 
sures at 23° C., was 495 ±10 ml. 

All samples were stored at 40° C. After 5 months of stoi'age, the samxDles 
of 2 per cent and 4 per cent moisture failed to show a significant discolora- 
tion at 40° C. and were placed in. the incubator at 60° C. for further 
storage. The data on browning, uptake of oxygen, production of carbon 
dioxide, and changes in moisture 'and flavor are pi'esented in tables 3, 4, 
aiui 5 for powders of 7, 4 and 2 per cent, numbered as series 2911, 291 and 
29, respectively. The partial pressure values for carbon dioxide and oxygen 
were calculated by eoiiverting per cent of gas on wet basis to per cent on a 
dry basis and multiplying this figxire by total pressure on a dry basis. 

Figures 1 and 2 show the rate of browning and gas changes during 
browning of high-moisture powder. The relationship betw’^een degree of 
broivning and carbon dioxide production in powder of 2 per cent moisture 
packed under various levels of oxygen is shown in figure 3. 

The data on browning and other changes of iee cream mix powder 
stored at 20, 37 and 45° C, are given in table 6. This powder had no added 
sugar and contained 53.55 per cent fat. The powder had 0.04 per cent 
tannic acid added as an antioxidant during the processing of the mix. 

DISCUSSION 

The conditions under which dry milk and ice cream mix powder under- 
go darkening or browning as a result of aging are apparent from the data 
presented. The browning of powder is a function of its moisture content 
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Samples 17 and IS are duplicates of Samples 7 and 9, respectively. They were stort^l at tm"" C. fur 4D) days and then placed in an incubator at 90° 







A. ■, ■ . ^ ■ 

fe 266 N. P. TARASS0K AND E. L. JACK 

j and temperature of storage. Other factors, such as contammatioii with iron 

I and possibly copper, certain added polyphenol compounds as antioxidants, 

i and possibty vanillin in ice cream mix powder, may accelerate the rate of 

; ■ . browning, but these factors are of comparatively minor importance in their 

1 ?: relation to the browning of powder. 

j.; In general, the browming of pow^der is accompanied by : (a) pz’odiietioii 

of carbon dioxide, (b) uptake of oxygen, (c) increase in reducing groii]3S, 
(d) very marked decrease in solubility, (e) increase in titratable acidity, 
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Days storage at 60 ^ C, 

3. BelationsMp between degree of browning and carbon dioxide produetion 
in wliole milk powder of 2% moisture (Series 29). 

and (f) development of caramelized flavor. In the advanced stages of 
browning there is also an increase in moisture content of po\vder. There 
was little^ if any, increase in moista^^ in powder of 7 per cent moisture as 
compared to the same powder of lower mdistifre content. 

In powder of 7 per cent moisture stored at 40 G,, noticeable discolor- 
ation of powder takes place wnthin a few days. On storage for a month, the 
powder becomes distinctly brown, “with the appearance of caramelized 
flavor. At this time the oxygen practically is all gone and the piartial pres- 
sure of carbon dioxide is increased to about 30 mm. under the conditions 
described. After the oxygen is gone, the browning and production of carbon 
dioxide continue but at slower rates. 

In powders of 4 per cent and 7 per cent moisture content, storage at a 
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partial pressure of oxygen below 7 mm. (less than 1 per cent) did not 
retard the i*ate of browning. In fact, the samples xiacked under less than 2 
per cent of oxygen have shown greater darkemng than air-paeked samples 
(see table 3 and fig. 1). 

The browning of powder of 2 i^er cent moisture or less seemingly was 
retarded by packing the powder at the level of about 2 per cent of oxygen 
(see fig. 3 and table 6). It is possible that the retarding effect was due, at 
least partially, to a lower moisture eontent of gas-packed samples resulting 
from the vacuum treatment in the process of gassing. 

It is evident from the data of tables 1, 4, 5 and 6 that both dry milk 
and ice cream mix powder of a moisture content below 4 per cent and stored 
at 40'^ C. or lower do not darken or brown in storage. Other samples of 
dry milk and ice cream mix i^owdeu' of less than 3 per cent moisture have 
been stored at 40 and at 30*^ G. for over 2 years without showing any notice- 
able discoloration. 

The usual deterioration in flavor of dry milk and ice cream mix jiowder 
in storage is independent of browning. Under the conditions of high avail- 
able oxygen, as in the case of air-packed powder and storage at 40 0., the 
stale and oxidized flavor will develop with no browning at all. The same is 
true for a storage of powder at room temperature for a long period of time. 
The caramelized flavor is the only flavor that is produced by browning, ami 
its intensity parallels the degree of browning. Garamelized flavor in gassed 
samples is a typical flavor of caramel. The development of stale or oxidized 
flavor apparently ceases ■when browning begins. There is no evidence that 
stale or oxidized flavors which have developed prior to browning disappear 
as browning progresses. These flavors merely are reduced or covered up 
when caramelized flavor appears. 

SUMMARY;’ 

The conditions with respect to moisture content of powder, temper- 
ature of storage, and level of oxygen in gas-free space of container, as they 
may affect the browning of dry milk and ice cream mix powder as a result 
of aging, are given. Tlie changes accjompanying the browning, sucli as pro- 
duction of carbon dioxide, uptake of oxygen, iticrease in reducing groups, 
decrease in solubility and development of caramelized flavor, have been 
studied, and the extent of these changes in relation to the degree of brown- 
ing is presented. 

The darkening or browning of dry milk and ice cream mix powder, 
unlike some other dehydrated foods, is not related to the usual storage 
deterioration in flavor. The most common defective storage flavors of dry 
milk are the stale and the oxidized flavors. The development of these flavors 
in milk and ice cx’eam mix jiowder is not the result of incipient browning. 
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111 fact, it appears tliat the products of browning reaction inhibit the 
development of these flavors. Browning is accompanied by a development 
of a specific flavor, a caramelized flavor. 

The browning does not take place in dry milk or ice cream mix powder 
when the above prodnets are stored at 40° C. or low-er if their moisture 
content is below 4 per cent. 
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IRON AND COPPER CONTENT OP NON-MILK PRODUCTS 
COMMONLY USED IN ICE CREAM 

HARRY PYENSOISr anb P. H. TRACY 
Department of Food Technology^ Univefsity of Illinois, JJihana 

There is a lack of information on the ii'on and copper content of the 
non-dairy ingredients that commonly are used in conjunction with dairy 
products in the inanufaeture of ice creain. These materials include such 
products as stabilizers^ emulsifying agents, sugar, cocoas, vanillas, chocolate 
liquors and coatings, and flavoring extracts. It is possible that one or more 
of these ingredients may contain enough copper or iron to accelerate the 
development of off -flavors of the oxidative type. Such metal contamination 
would be particularly important in the manufacture of dried ice cream 
mix that may be stored 6 to 12 months before using. 

It was thought advisable, therefore, to study the iron and copper 
content of the previously nientioned materials. Accordingly, 74 samples of 
eommercial non-dairy products commonly used in ice cream were analyzed. 
The iron content was determined by the method of Pyenson and Trae 3 r (5 ) 
and the copper anah^ses were made hj the method of Hetrick and Trae^' (4) . 

EXPERIMENTAL RESULTS 

The iron and copper content of siahiliBers and sugars. Eighteen 
samples of stabilizers, gums, emulsifying agents, and sugars were auatyzed 
for iron and copper. Magnesium nitrate (1) was added to Kragel,^ sodium 
alginate, Irish moss, Vestirine and Gelox after carbonization to aid in the 
ashing. Two milliliters of a saturated solution of magnesium nitrate added 
after carbonization was found satisfactoiy to give a white, soluble ash. The 
results of the analyses are given in table 1. 

All stabilizers except Gelox contained considerable amounts of iron. 
Irish moss contained 0.219 per cent of iron, which would be considered 
more than a trace amount. The emulsifying agents contained from 1 to 
59 p.p.m. of iron. Egg 3 "olk, which is sometimes used in ice cream as an 
emulsifying agent, contained 59 p.p.m. of iron. The sugars anatyzed 
contained only small amounts of iron. 

The copper content of the stabilizers varied from 0.92 to 10.0 p.p.m. 
Irish moss, locust bean gum, Kragel, and sodium alginate contained the 
most coiDper of the ten stabilizers analyzed. Gl^^cerol monostearate did 
not contain any copper and Mixacoid contained practically none. Na-Pe-Co 
and egg jmlk contained 2.85 and 3.35 p.p.m., respectively, of copper. Su- 

Received for publication December 3, 1947. 

^ Now modified and known as Kragelene. 
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crose, dextrose, and enzyme-converted corn sirup were found to eontain.less 
than 1 p.p.m. 

The iron and copper consent of Anierican and Duioh process cocoas. 
The iron and copper contents of 17 samples of cocoa from five different 
iiiannfactm*ers Avere determined (table 2). Of these samples, 13 had been 
treated Avith alkali (Dutch process) and foiir were untreated (American 
process). 

The iron values for the American process cocoas varied from 73 to 
119 p.p.m., with an average for the four cocoas of 92 p.p.m. In the Dutch 

TABLE X 

The iron and copper content of some stahiU^erSi emidsifying agents and sugars 


Sample no. 


Iron 

Copper 

1 

Stabilizers 

Gelatin (275 Bloom-pigskin) 

14.8 

(p.lhm.) 

2.21 

'9 

Gelatin (125 Bloom-calfskin) 

9.0 

2.o6 

3 

Gelox 

1.2 

2.0 

4 

Yestirine 

28.0 

■ ,1.75 

5 

Kragel 

61.0 

9.0 

' ' 6.25 . 

6 

Sodium alginate 

97.0 

1 

1 Irish moss 

2190.0 

10.0 

8 

■ Locust beau gimi 

16.4 

9.0 

9 

j Gum oat 

1 47.6 

1 „■ 5.4 

10 

i Karaya gum 

26.4 . 

0.92 

11 

Emulsifying agents 
iSTa-Pe-Co 

19.4 

■ .-2.85 : ■ 

12 

Mixacoid 

1.0 

0.25 

13 

1 Glycerol monostearate 

■ '2.0'- 

0.00 

14 

Egg yolk 1 

mj) 


Id 

Sugars 

Sucrose, lot no. 1 

0.9 

0.15 

,10 

Sucrose, lot no. 2 

'■ 1.2'. 

0,20 

XI 

; Pextrose 

0.4 

0.40 

18 

1 Enzyme-converted corn sirup 

1.1 

0.70 


process cocoas the iron content averaged 117 p.p.m., with only three of 
them having an iron content under 100 ix.p.ni. Eight of the samples had 
an iron content between 110 and 149 xx.xx.m. There is some evidence that 
Dutch process cocoa contains more iron than American process cocoa, 
especially -when comparisons are made between the two cocoas from the 
same manufacturer. 

Dahlberg (2) found that a greenish-black discoloration of chocolate 
ice cream wyts caused by ferric tamiate and that the cocoas that had a 
slightly alkaline pH value (Dutch process) w-ere the only ones that pro- 
duced the defect. The results of the present stud}’' suggest that the greater , 
iron content of the Dutch processed product also may be a factor. 



IRON AND COPPER CONTENT 


TABLE 


The iron and copper content of American mid Vuich process cocoas 


The copper content of the samples varied from 20.6 to 31.2 p.p-Bi. 
American and Dutch process cocoas gave about the same copper values. 
The copper content of cocoas was more uniform than the iron content. 

The iron and copper content of chocolate liquors and coating. Seven 
samples of chocolate liquor and one sample of milk coating were analyzed 
for copper and iron. The results are given in table 3, 

Like cocoas, chocolate liquors and coating contain considerable quan- 
tities of iron and copper. The iron content of ehoeolate liquors and coating 
varied fronr 14 to 105 p.p.m., and the copper varied from 2.3 to 27 p.p.m, 

■ ■ TABLE . 

The iron and copper content of cliovolaie liquor and coating 


Sample no. 


Brand 


Copper 

(pqun.) 

20.0 

2.3 

14.9 

15.5 

27,0 

24.8 

18.9 
9.8 


100.8 

14.0 

59.0 
7L0 

104.5 

103.0 

105.0 
19.4 


A (Milk coating) 


Sampkno. 

Process 

Iron 

Copper 

1 

Brand A 

Butch 

{p.p.m.) 

94.5 

(p.p.w.) 

20,6 

2 

American 

73.0 

21.0 

3 

Butch 

136.7 

21.0 

4 

Butch 

142.7 

21.2 

5 

American 

84.7 

20.6 

6 

Butch 

134,0 

20.6 

7 

Butch 

134.0 

21.0 

8 

Brand B 

Dutch 

149.0 

22,2 

9 

American 

119.0 

2BA 

10 

Butch 

120.5 

24,0 

11 

Butch 

141.0 

21.6 

12 

Brand C 

American 

92.0 

22.4 

13 

Butch 

110.0 

23.5 

14 

Butch 

108.0 

23.6 

15 

Dutch 

105.0 

31,2 

16 

Brand B 

Butch 

69.0 

■ 27.3 ' 

17 

Brand E 

Butch 

75.0 

28.3 


1 ' ' 
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The iron and copper content of 
tained from nine manufacturers we analyzed lor non 

results are listed m table 4. _ T.:ere uniformly low in iron 

The three samples Powdered vanillas are made by 

and contained less than 2 p.p.nn eopi _ a carrier like 

grinding vanilla beans and combining the ground 

table 4 

The iron and copp er content of vanitias — 

— I Copper 

Sample no. Brand _____ — 




Sample no* 

Brand _[ 

Iron 


— 

{P4hnu) 

1 

powdered \ 

A 1 

ranillas 

4.8 

4.0 

■ 2' 1 

A 

1.4 

■'■■', 4" 

, B ■ * 

Coiiceiitratec 

0 

1 vanillas 

59.0 

58.4 

. .5. - 

G 

43.8 

■■'■:■■■■■■: ■■6: ■■• 

■ C ' 

32.6 

7 ■ 

2.0 

8 

I) 

4.0 

9 

! ■ 1) 

Vanilla e 

xtraets 

10 

E 

, A ^ , 

t 4.4 

! 33.6 

11 

! ■ 0.8 

12 

I) 

B 

.1 1.5 

IH 

! 0.6 

14 

E 

P 

i 7.8 

15 

!■ 1.9 


Imitation or partially imitation I'aniUas 

17 C 40.0 1 ,'■'•> 

IS B 4.4 

13 ? 3.3 . r’ 

20 L I 3.0 L; 

31 S 4.4 I'’-"’ 

■■, 22 ' ■’ ■ ’ ^ 1 ■ ■ ■ , 

relatively low in iron and ooppei. found to have a rather high 

Tie riBgle Btrengtl. veeilla ex- 

iron and copper cmrteiA 11 ,„„ples had 

tracts wied troin O.h to 33. .1 

a„ iron content maxtann. 19.5 p.p.nl. 

”’‘\ic'irr”t oi ttaiteitatten or partially inntation 

ri*:LT.ttrs= 





IRON AND COPPER CONTENT 

The iron and copper content of fruit flavors and extracts. Most of tlie 
samples of frnit flavors and extracts analyzed (table 5) contained less tban 
5 p.p.m. of iron. Six out of the nine samples contained less than 5 p.p.in. 
of copper. Lime flavor, black raspberry concentrate and strawberry flavor 
were comparatively bigh. in copper content. 

TABLE 5 


The iron and copper content of some fruit flavors and exiracts 


Sample no. 


Iron 

Copper 



(p.p.vu) 

(p.p-m.) 


Brand A 


1 

Orange emulsion cone. 

3.6 

0.25 

2 

t Lemon emulsion cone. 

3.4 

0.25 


Brand B 



3 

Black raspberry natural 




flavor cone.. 

18.6 

6.9 

4 

Imitation pineapple flavor 

3.9 

0.45 

5 

Strawberry flavor 

5,6 

1 5.05 

6 

Peach flavor cone. 

1.3 

‘ ■ .2.25 

7 

Lime flavor 

1.2 

11.25 

8 

Pistachio imitation cone. 

0.5 

, 4.05 

9 

Imitatioii banana 

1.0 

0,65 


DISCITSSION 

The determination of copper by the direct cai'bamate method used in 
this study does not entirely eliminate the interference of nickel. Nickel 
exhibits maximum absorption at a wave length of 385 mpf while copper 
exhibits maximum absoi'ption at a wave length of 440 mp. Hetrick and 
Tracy (4) state that when 5y of nickel are added to 5y of copper, the 
error is +0.6y. Studies in the wave length at which maxiiniun absorp- 
tion occurs of the materials reported in tliis paper indicate that there 
was little, if any, nickel j)reseiit. 

The non-dairy products individually would produ(-,e only insignificant 
increases in the iron and copper content of ice cream. The Irish moss 
sample studied would be an excei)tion, as it contained over 0.2 per 
iron. While the copper and iron content of the milk-product ingredients 
ordinarily would have a major bearing on the iron and copper content of 
the finished ice cream, the total added by iioii-nHlk products could be of 
such quantity as to be an important factor in the development of oxidized 
flavors. 

Observations by Dahle and Folkers (3) and Tracy et al. (7) have 
that ice creams containing small amounts of fruit such as strawberries 
and pineapple develop a stale aiid/or oxidized flavor sooner than does 
vanilla ice cream. These authors believe that the off-flavor is due to the 





that if the anioiiiit of copper in the mix equaled 1.3 p.p.m., the off-liuvor 
always developed. Tracy ei al,. (7.) state that in order to prevent the de- 
velopment of a stale metallic flavor in strawberry ice cream, the elimination 
of copper contamination is necessary. Other fruits found to accelerate 
the reaction responsible for the otMavor were oranges and lemons. The 
cop] 3 er eontenf of any of the non-dairy products studied conceivably could 
be a factor iu accelerating the development of the oxidized flavor, especially 
if used in strawberry, pineapple, oi^ange and lemon ice creams. 

The vanilla sample no. 4 in table 4 has been shown to have anti- 
0 X 3 ^genie properties (6) although it contains relativel^^ large amounts of 
iron and copper, indicating that a substance may be relatively high in 
iron and copper and still have antioxygeuie properties. 


CONCLUSIONS 


Stabilizers, cocoas, chocolate liquors, sugars, vanillas and fruit extracts 
w-ere found to contain iron and copper. The copper and iron present in 
some of these products is thought to be signifleant from the standpoint of 
possible cumulative eifect in hastening fat oxidation and the development 
of off-flavor in ice cream. 
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THE DEVELOPMENT OP FLAVOR IN AMERICAN CHEDDAR 
CHEESE MADE FROM PASTEURIZED MILK WITH 
STREPTOCOCCUS FAECALIS STARTERS 

A. C. DAHLBEEG and P. V, KOSIKOWSKY 
Department of Dairy Industry, Cornell University, 

Ithaca, Netv York . 

This report is the first of several papers dealing with the develop- 
ment of a higher flavor in pasteumed-milk American Cheddar elieese. 
Cheddar cheese is made bv a process that gives a long period for eon- 
trolled laetie acid fermentation during mannfacture. Most investigators 
have found that commercial laetie starters, chiefly Streptococcus laetis 
and Sireptococcus cremorisj affect acidity without otherwise greatly af- 
fecting curing. As these starters in active growing condition are very 
important in both cheese mannfacture and curing, it is obvious that proper 
acidity is very impoi’tant in curing cheese. With the exception of some 
inoeulations of certain lactobaeilli, there have been no bacteria found that 
have aided in the development of good Cheddar clieese flavor. Purther- 
more; added enzymes, particularly lipases and proteinases, have not 
given very promising results. 

In 1941 Wilson at uL (8) compared curing temperatures of 40, 50, 
and 60° P, They found 40° P. to be best for cheese made from poor milk, 
but 50° P. was preferred for cheese made from pasteurized milk of good 
quality. The type of curing was rather uncertain at . 60° P. About this 
same time Dahlberg and Marqiiardt (2) vshowed that cheese made from 
either raw or pasteurized milk of excellent sanitary quality and ripened 
ill vacuum in tin cans iinifornily failed to develop Cheddar flavor in a year 
at 40° P., whereas some Cheddar flavor developed in 4 months at 50° P. 
and in 2 months at 60° 1^.. In this study cheese made from raw or pas- 
teurized milk of low bacterial count developed flavor uniformly; hence, it is 
evident that the effect of pasteurization of milk in slowing the curing of 
cheese is due chiefly to destruction of bacteria rather than the milk 
enzymes, and that this effect may be overe<.)nie in part by higher curing 
temperatures. The evidence indicates that thermodurie bacteria are a 
factor in cheese curing or that the jiasteurized milk was reeoiitaininated, 

Considei^ation of the problem indicated little "chance of success by the 
usual procedure of isolating haetexua from cheese and using them in 

Beeeived for puWieation Becember 10, 1947. 

^ Tills investigation was aided by a grant from the National Cheese Institute, The 
authors are indebted to Mrs. Lois Phelps and Miss Catherine Verwoert for making 
many of the chemical analyses, and to Dr. I. C, Gnnsains for determining the deear- 
boxylation activity of the special strain of S. faecalis used in this study. 


1 



AND F. V. KOSIKOWSKY 


A. C. DAHLBERG 




its maniifactiire, as so mucli of this work already has been done. Rather, 
one might consider the characteristics of the bacterium desired in cheese 
making and curing and then ascertain if such a bacterium exists. For 
examx)le, the desired bacterium should be universal in milk, as ail good 
milk can be made into good cheese without adding this culture. Probably 
the organism should survive pasteurization. It should produce lactic acid 
from lactose rapidly and also be able to use lactates or other eompoimds 
in cheese as a source of energy; grow well at temperatures of 50° F. or 
less, and at temperatures as high as 106° F.; not produce gas in large 
amounts, although it might need to produce some carbon dioxide, as Dorn 
and Dahlberg (3) have shown cheese made from excellent milk yielded 
limited amounts of almost pure carbon dioxide during euring; be non- 
proteolytic and not produce objectionahie flavors and odors. It should 
grow anaerobically at a pH of 5.0 to 5.5 and at salt conceiitrations up to 
6 per cent, as tli is concentration is about the maximum that normally 
occurs in the water in Cheddar cheese. The bacterium which has been 
described obviously may be Streptococcus faeealis, as this organism has 
the charaeteristics given. This organism would develop in the cheese milk 
and in the cheese during curing, espeeiaily if stored at 50 or 60° F. White 
and Sherman (6) recently have found enterococci in all raw and pas- 
teurized milk samples which the}" tested. 


III.;:: 






experimental methods 

A dozen or more cultures of S, faecalis were obtained from several 
laboratories and all of them produced acid too slowly in milk to axipear 
to be promising. The idea remained dormant for a few years and then 
a seai’ch was made in nature for a strain which ferments lactose rax)idly, 
as S, faecalis often loses this characteristic when X3rox>agated in media 
which do not contain lactose. Some 15 human adults saved stools from 
which enterococci were isolated on the penicillin-azide agar of White and 
Sherman (6), and S, faecalis was identified by the charaeteristics given 
by Sherman (5). S. faecalis is the predominating strexitococcus in the 
digestive tract of man. Approximately 40 or 50 strains of enterococci 
were isolated before one was found that curdled milk rapidly. A 1 per 
cent inoculation of this strain incubated at 85° F. curdled milk in less 
than 1.8 hours, producing a smooth curd without gas. The flavor of the 
starter was characteristic and definite, but quite different from ordinary 
lactic starter. The odor was flat without being objectionable. It was 
identified as 8. faecalis and possessed all typical characteristics. It did 
not ferment glycerol. The tyrosine decarboxylation activity of S. faecalis 
isolated from the starter was Q^-o^ — 50 and that isolated from the ripened 
cheese . made with the starter was Q^og = 60. This indicates a moder- 
ately active strain for conversion of tyrosine into tyr amine. 
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This -S'. faeeaUs strain has been carried in milk pasteurized at 200° P. 
for 1 hour and incubated at 88 "" P. The curdled starters are held at 40° P. 
and transferred twice Aveekly. The starter appears to be pure S. faecaUs 
on plating, but no endeavor was made to carry it in sterile milk or other 
media to assure no loss in acid-producing ability while the research was 
in progress. Should the starter become contaminated, the S, faecalis 
bacteria could be reisolated and developed as a new starter of the same 
organism. Pure cultures of this organism have been pi'epared and are 
in storage. 

The milk used for eheesemaking was a good quality of market milk 
pasteurized at 143“145° P. for 30 minutes. After cooling to 86° P., the 
milk was divided into three lots of 300 lb. each. To the first batch of 
milk was added 2 per cent of Hansen ^s commercial lactic acid starter; to 
the second batch, 1 per cent of Hanseirs starter and 1 per cent of jS'. faeeaUs 
starter; and to the third batch, 2 per cent of 8. faeeaUs starter. The 
milk then was made into cheese according to the time schedule of AYilson 
(7), using the 4.5-hour schedule from adding rennet to milling the curd, 
except that no time was allowed for the starters to develop before adding 
rennet. Acid development was followed by titratable acidity and pH, 
using a Beckman pH meter, laboratory model G, with glass electrode. 
After manufacture and pressing, the cheese was vacuum packed in cans and 
ripened at 50 and 60° P. A few samples were made into 10- or 30-lb. 
cheese and paraffined in accordance with the usual commercial practice. 

The cheese was analyzed for moisture, salt and fat. On the day it 
was taken from the press, analyses were made for pH, volatile aeidity by 
the method of Kosikowsky and Dahlberg (4), and soluble nitrogen by the 
method of Sharp as I'eported by Dahlberg and Kosikowsky (1). The 
samxfies of cheese Avere scored by the authors at the end of one month 
curing and bimonthly thereafter. The samples were analyzed himonthly 
for volatile acids, soluble nitrogen and pH. 

A considerable number of series of cheese were made with remark- 
ably consistent results, and two series made on different days are presented 
to illustrate the results. 

KEStJLTS 

The manufacturing data (table 1) show’ that the rate of acid cleveloj)- 
ment with the 8, faecalis starter w’as slow^er tlian with the commercial lactic 
starter, and the mixture of the tw’o starters developed acid at a rate inter- 
mediate betw’een those of the two cultures used singly. 8, faecalis growls 
w’ell in the salt concentration of Cheddar cheese, so the pH of all samples 
of cheese 1 day old w-as rather uniform at pH 4.9 to 5.1 (table 2), irre- 
spective of considerable vaiiations in acidity present in the wbey when 
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the cui’d was milled. The composition of the elieese was niiiform, but the 
salt contents were somewhat low^ (table 1). Most other batches of cheese 
in other experiments contained 1.5 to 2.0 per cent salt. 

While the cheese curd was matting in the vats, it generalh?; wms pos- 
sible to observe that tnird containing >8. faecalw matted slightly more 
rapidly and that the enrd developed more of the stringy character of the 
meat of chicken breast As the time approached for salting, the enrd 


TABLE 1 


The acidity development during the mamifaoiiire of the pasteiirhedmiM 
American Cheddar cheese and the percentage composition of the cheese 
made with lactic^ lactic plus S. faeealiSf and 
S. faecalis starters 


Manufacturing 

data, 

fSerias 1— -10464 

; Series 2— 10468 

Lactic 

L.P.A i 

Faecalis. 

Lactic 

L.F.H 

Faecalis 

Fresh milk, titr. acid, .,.. 

0.15 ' 

0.15 

0.15 

0.16 

0.16 

0.16 

pH 

6.64 

6.64 

6.64 

6.54 

6.54 1 

6.54 

Amount of starter. ( % ) .,■■■ 

2 ' '■ 

1+1 

9 

; 2.. 

i , 1 + 1 

'2 

Starter, titr. acid. (%) 

0.74 

.. ■' ■' ' 

■ ■ j 

0.64 

0.77 

......... : 1 

0.61 

Milk set, titr. acid. (%) ..... 

0.17 

0.105 

0.16 

0.18 

0.18 i 

0.18 

pH 

• 6.41 

6,40 

6.42 

6.40 

6.38 

6.42 , 

WUieyaeid 







At ciittiiig, titr. aeid( % ) 

0.11 

0.10 

0,11 

0.12 

0.11 

0.11 

pH 

6.35 

6.38 

1 6.42 

6.33 

6.40 

6.46 

Cooked, titr, acid, (%) 

0.12 

0.12 

; 0.11 

0.13 

0.13 

0.13 

pH 

6.22 

6.28 

6.35 

6.21 

6.32 

632 

I)ra.wn, titr. acid. (%) 

0.13 

0.13 

1; m. 12 /. 

0.15 

0.14 1 

0.13 

pH : 

6.11 

; 6.17 

r. -6.20- 

6.05 

6.05 

6.18 

Milling, titr. acid. (%) 

■ ’0.52:''. 

0.45:' 

V: 0,38; ; 

. 0.50 

: 0,38 

0,25 

pH 

5.38 

1 , 5,44 .. , 

5.54 . 

*',5.35 ■■ 

X :,o.63 ' ■ 

5.95 

Cheese out of press 







Yield per ewt. milk (lb.) 

10.4 

10.4 

10.4 

11.0 

11.5 


Moisture ( ) ' 

35.9 

36.9 

' : 36.3,,,, 

34.9 

35.8 

: 36.9 

Fat ('A) 

35.0 

h-',34.5X X 

i :34A 

35.5 ■■ 

35.0 

'/'..35.0' 

Salt 

I.IS 


1.42 

1.39 

1.27 i 

:..:.: :,i.45' ■ 

Protein (%) 

23.33 

23.63 

23.65 ! 

23.69 

23.21 ; 

22.64 


a L.P, = cheese containing 19^? lactic starter and 1% 8. faecalis starter. 


containing 8, faecalis developed a more pronounced odor of good Cheddar 
cheese enrcl This odor of good cheese ctird invariably was selected by 
several i:)ersons. 

As the cheese cured there was a gradual increase in the pH to 5.13- 
5.29 for cheese* held at 50*^ F. and to 5.19-5.33 for cheese held at 60° F. 
(table 2). The data are not extensive enough to show any conclusive dif- 
ference in acidity due to storage temperature, bnt a higher pH at the 
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warmer curing temx3erature seems logical. Certainly, the aeiclity of the 
ripened cheese was not affected by the starters, for the range of pH on all 
samples of cheese when 6 months old was from 5J3 to 5.33. 

The volatile acidit}^ of the cheese increased more rapidly at 60^^ F. 
than at 50° P. (table 2), as w^ould be expected. The commercial lactic 
starter i^roduced more volatile acidity in the cheese than the 8. faecalis 

TABLE 2 


The pE, volatile acidSj and water soliil)le proteins during curing of 
pasteiirwed-mWc American Cheddar cheese made with lactic, 
laetic plus S. faecalis, and S, faecalis starters 


Cheese no. 

I pH ■ 

Volatile acids 

Water-solnble 

I>roteiiis 

50'’ F. 

60 « F. 

50“ F. j 

60° F. 

50“ F. 

60° F. 





{ML N acid/ too g,) 

(%) 

(%) 





1 day old 



Lactic 

10464 

4.99 


12.5 


1.45 


Lactic 

10468 

■4.SS 


12.5 


2.25 


L.F. 

10464 

5.05 

. 

12.5 


1.59 


L.F. 

10468 

5,01 


16.7 


1.74 


Faecalis 

10464 

5.15 


12.1 


1.50 


Faecalis 

10408 

.6.12 


17.5 


1.54 






2 months old 



Lactic 

10464 

5.07 

5.13 

19,5 

27.5 

j 5.77 ■ j 

6.68 

Lactic 

10468 

5,06 1 

5.14 

14.7 

22,9 

6.01 

! 7.28 

L.F. 

10464 

5.10 

5.15 

21.4 

32.4 

1 5.5o , 

6.40 

L.F. 

10468 

5.17 i 

' 5.22 

13.6 

20.7 

5.65 

6.00 

Faecalis 

10464 

. '5.15 

' 5.12 

16.6 

18.6 

5.03 

6.24 

Faecalis 

10468.. 

5.19 

5.20 

: 16.9 

17.2 

5.00 

j 6.05 





4: months old 



Laetic 

10464 i 

5.13 : 

■ 5.22' ■ ■ 

.28.4 ■ 

35.5 

! :7.7'S' 

' . 8.32' : 

Laetic 

10468 

5.10 

5.24 

18.1 

; 35.0 

7.07 ' 

8.26 

L.F. 

10464 

5.03 

5.24 

27.1 

35.6 

7.55 

8.10 

L.F. 

10468 

5.15 

5.29 

18.6 

31,7 

6;46 

7.84 

Faecalis 

10464 

5.07 

5,24 

23.9 

29.6 

7.23-'. 

1 7.99 

Faecalis 

10468 


5.14 

17.2 

29.1 

5.70 : 

.■■8.16 ■ 





6 7nonfhs old 



Lactic 

10464 

5.19 

5.19 

27.1 

43.3 

7.85 

8.33 

Lactic 

10468 

5.20 

5.29 

27.2 

39.0 

8.00 

9,26 

L.F. 

10464 

5.29 

5.28 

29.4 

-:39.2^^ ;■ 

7.40 

8.95 

L.F. 

10468 

K oo 

5.33 

22.5 

36.5 

7.02 

8 67 

Faecalis 

10464 

5.13 

5.22 

‘21.0 

30.6 

7.61 

8.89 

Faecalis 

10468 

5.19 

5.31 

15.8 

1 ' 

26.2 

7.10 

8.61 


starter, but the difference was not great. Cheese manufactured with S. 
faecalis starter and cured for 6 months at 50° F. showed practically no 
increase in volatile acidity. None of the samples of cheese was high in 
volatile acidity for, from a beginning of 12.1 to 17,5 ml. 0.1 N acid per 
100 g., the volatile acidity value increased after. 6 months at 50® 1^. up 
to 15.8 to 29.4 and at 60° F, up to 26.2 to 43.3. 
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As anticipated, the percentage of water-soluble protein increased more 
rapidly at 60 than at 50*^ F. (table 2). The two types of starters did not 
affect the increase in soluble proteins, which was reasonabl5^ tmiforni for all 
samples. The soluble protein in cheese cured 6 months at 50^ F, ranged 
from 7.02 to 8.00, and that cured at 60*^ F. from 8.83 to 9.26. 

The significant resialts from the use of 8. faeoalis starter are shown in 
the flavor scores and comments. Numerical scores were given to the nearest 
half point. All samples w^ere graded as to intensity of Cheddar cheese 
flavor. Other comments on flavor were not made systematically, i.e., 
some excellent flavored samples of cheese were called excellent and others 
equally good were not so marked. All the comments made at seoring were 
entered in tables 3 and 4, 

STABLE 3 


Flavor development in past eiiriml-milh American Cheddar cheese made 
with lactic, lactic phis .8. faeoalis, and 8, faeeaUs starters 
(Expelled at 50” F.; 


Cheese no. 

Total 

1 

i , ^ 

Flavor 


BodyO 

score 

1 Score 

Eeniarks 

Score . 

Bemarks 

Lactic 

10464 

93.0 

39.0 

1 month old 

Mild. — , flat 

29.0 

Corky, Arm 

Lactic 

10468 

92.5 

39.0 

Mild — flat 

28.5 

Corky, si. crumbly 

L.F. 

10464 

95.0 

40.5 

Mild -f, exc,, raw 

29.5 

Waxy 

L.F, 

10468 

94.0 

40.0 

Mild 4", exe., raw 

. 29.0 

Waxy, si. crumbly 

Faecalis 

10464 

94.5 

40.0 

Mild 4* , exe. 

29.5 

Waxy 

Faecalis 

10468 

95.0 

40.5 

Mild, exe., raw 

29.5 

Waxy 

Lactic 

10464 

94,0 

40.0 

23 months old 

Mild clean 

29.0 

' ■ ' ' ' 

Waxy, si. Ann 

Lactic 

104^68 

1 93.0 

39.5 

Mild— , si. curd 

28.5 

SI. rubbery 

L.P. 

10464 

95,5 

41.0 

Mild -f , clean, raw 

29,5 

Waxy 

L.F. 

10468 

95.0 

41.0 

Mild 4- j clean, exe. 

29.0 

:■ Waxy 

FaeeaUs 

10464 

95.5 1 

41.0 

Mild, cl can 

29.5 

Waxy, si. rubbery 

Faeealis 

10468 

94.5 ^ 

40.0 

Mild, clean, exe. 

29.0 

Waxy, si. nil>l)ei*y 

Lactic 

10464 

94.5 

40.0 : 

4,5 moiiths old 
Mediinn — , exe. 

^ 29.5 

Waxy, si. Arm 

Lactic 

10468 

93.0. 

39,0 

Mild, past. 

1 29.0 

SI waxy, al. Arm 

L.F. 

10464 

■ ■ 94.5, ■■I 

40.0 

Medium -}-,exe. 

',■■29,5 

.Waxy: : 

L.F. 

10468 

94.5 

40.0 

Medium, raw 

29,5 '1 

Waxy 

Faeealis 

10464 

94.0 

39.5 

Medium, exe. 1 

"29.5 ■" , 

■Waxy 

Faeealis 

10468 

94.0 

39.5 , 

M'ediiun — ' 

29.5 

Waxy 

Lactic 

10464 

93.5 

39 5 

7 months old 
Medium — , si, flat 

29.0 


Lactic 

10468 

94.0 

39.5 

Medium 

29.5 


L.F. 

10464 

95.0 

40.5 

Medium -f 

29.5 

"Waxy 

L.F. 

' 10468 

95.0 

40.5 

Medium 

29.5 

Waxy 

Faeealis 

10464 

94,5 

40.0 

Medium 

29.5 

Waxy 

Faeealis 

10468 

94.5 

40.0 

Medium 

29.5 

Waxy 


^ Flavor was scored with 45 as perfect. Intensity of flavor was rated mild — , 
ihild, mild-}-, medium — , medinm, medium-}-^ sharp - — , sharp, 

'h Body was scored with 30 as perfect. 



development op cheese flavor 


Coiisidering the cheese ripened at 50° P. (table 3), it Avill be noted 
that the cheese made with commercial lactic starter scoi'ed the lowest or 
possessed least flavor, %vhereas the cheese made with both lactic and S. 
faecalis starters scored the highest or possessed the most flavor of the 

' TABLE 4 

Flavor development in pastetirwed-mil'k American Cheddar cheese made with - 
lactic, lactic plus B. faecalis, and S. faecalis starters 
(Bipeiied at 60° P.) 




Total 

score 


Flavors 


Uueese no. 

Score 

Remarks 

Score 

Lactic 

10464 

94.5 

40.0 

1 month, old 

Mild 

29.5 

Lactic 

10468 

93.5 

39.5 

Mild 

29.0 

L,F. 

10464 

. 95.5 

41.0 

Medium, raw 

29.5 

L.F. 

10468 

96.0 

41.5 

Medium, ra^v, exc. 

29.5 

Faecalis 

10464 

94.5 

40.0 

Medium, raw 

29.0 

Faecalis 

10468 

95.5 

41.0 

Medium, raw, exc. 

29.5 

Lactic 

10464 

94.5 

40.5 

2.5 months old 
Mild 4* vP^^st., fiat 

29.0 

Lactic 

10468 

94.0 

40.0 

Mild, clean 

29.0 

L.F. 

10464 

96.5 

42.0 

Medium -j- , clean, 


L.F. 

10468 

96.5 

42.0 

exc., raw 

Medium, clean, 

29,5 

Faecalis 

10464 

95.5 

41.0 

exc., rawr 

Medium, clean, raw 

29.5 
, 29.5 

Faecalis 

10468 

95.5 

41,0 

Medium • — exe., 


Lactic 

10464 

94.5 

40.0 

clean, raw 

4.5 months old 
Medium -f 

29.5 

29.5 

Lactic 

10468 

91.5 

38.0 

Medium, burnt 

28,5 

L.F. 

10464 

95.0 

40.5 

Sharp — 

29.5 

L.F. 

10468 

95.5 

41.0 

Medium + , exe. 

29.5 

Faecalis 

10464 

95.0 

40.5 

Sharp — ^ 

Medium 4, exc. 

29.5 

Faecalis 

10468 

94.5 

40.0 

29.5 

Lactic 

10464 

93.0 

39.0 

7 months old 

1 Medium 4vfi^d, 


Lactic 

10468 

91.5 

38.0 

1 burnt 
! Medium, Imrnt 

29.0 

28.5 

L.F. 

10464 

' 94.0 

39.5 

Sharp — 

29.5 

L.F. 

10468 

93.5 

39,0 

Medium 4 

j. 29.0 

Faecalis 

10464 

94.0 

39.5 

Sharp—. 

29.5 

Faecalis 

10408 

['. 93.5 ■ 

39.5 

Medium 4 

29.0 


Body 


Bemarlis 


SL ooeii 
Finn 
AVaxy 
Waxy 
Waxy 
Waxy 


SI. mealy 
SL crumbly 


Waxy: 

Waxy 

Waxy 


Waxy, sL firm 

Weak, sticky 

Waxy 

Waxy 

Waxy 

Waxy 


SL crumbly 


a Flavor wa-s scored with^ 45 as perfect. Intensity of flavor 'svas rated mild — , 
mild, iQild4-, medium^ — medium, medium -{-^ sbarp--^, sharp. 

t>Body was scored with 30 as perfect. 

three lots. The difference in the scores was obvious for cheese of all ages 
up to 7 months, when scoring was discontinued. Furthermore, the in- 
tensity of the Cheddar flavor was greatest for cheese made with both 
lactic and S. faecalis starters and was lea>st for cheese made with lactic 
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starter onlj^ The flavor of the cheese with lactic starter usually was 
slightly flaty whereas with the use of both starters the flavor was full, 
clean, and often said to be excellent and like good raw milk cheese. The 
flavor of cheese made with /S. /acmKs starter alone closely -resembled 
that of cheese made with combination starter, but neither quality nor in- 
tensit}^ of flavor always was as good. It should be noted that when the 
flavor of the cheese with lactic starter was especially good, the quality 
cloKsely approached that of cheese made with iactie and S. fa ecalis stnxtevs. 
All lots of cheese cured well without developing any off-flavors for 7 
months at 50° F. 

The waxy, mellow body of cheese made Avitli the combination eom- 
inereial lactic and /Sz /aecafe st^ and with 8, faecajis starters alone, 
was evident (table 3). The improved body of these samples of cheese 
could be detected even after 7 months of curing. The difference was 
much more noticeable than might, be supposed by observing the numer- 
ical scores onbody. 

Cheese cured at 60° P. developed the same character as that cured at 
50° P., except that changes occurred more rapidly. At 50° P. no cheese 
developed a sharp flavor in 7 months, but at 60° F., cheese made with 8^ 
faecalis starter alone or in combination with lactic starter was sharp in 
flavor in 4.5 months (table 4). The intensity of Cheddar flavor at 2.5 
months at 60° P. approximated the intensity of flavor after 4.5 months at 
50° F. This agrees closely with the work of Dahlberg and Marquarclt 
(2). At 60° P. cheese made with lactic starter began to show some de- 
terioration in flavor at 4.5 months and was obviously deteriorated at 7.5 
mouths. The defect was a burnt or caramelized off -flavor. ^ The cheese 
made with 8, faecalis starter alone or in combination with lactic starter 
was excellent after 7 months at 60° P., but the flavor (piaiity was slightly 
less than at 4.5 months of age. Observations of other batches of cheese 
shoW' that about 4 months at 60° P. should be the maximum forced 
curing before cold storage at 40° F. 

DISCUSSION 

The scientific literature on Cheddar cheese of the last 50 years con- 
tains many articles showing that the use of a certain bacterial culture or 
enzyme or of a specific process of manufacture has intensified good flavor. 
With minor exceptions, none of these promising results ever has been 
successfully used commercially over an extended territory. Therefore, 
it is with some reluctance that the authors publish these data, but the 
results are of scientific value irrespective of commercial usage. This study 
is the first to embody , successfully the use , of large inoculations of a 
special culture into pasteurized milk to produce good, high flavored 
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American Cliedclar cheese in a. short curing i:)eriod. Although the flavor is 
like that of raw milk cheese, it never develops the very ‘^bitey ’’ or ^\snappy” 
flavor that stings on the upper palate of the month, and is so typiea] of 
old raw milk cheese. Rather, the flavor is full and prononiiced with- 
out being astringent or without having any rancid or other foreign flavor. 
Obviously, the milk must be of good flavor before pasteurization. 

Good Cheddar cheese was made in these experiments with pas- 
teurized milk eontaining only a commercial lactic, starter. A better 
Cheddar cheese was made using S. faeca/is* starter alone, so this is positive 
yu’oof that ordinary lactic starter is not necessary for making good 
Cheddar cheese. The best Cheddar cheese was made using both starters 
together, mdieatiiig symbiotic action among the bacteria iu the two 
starters in producing a maximum of flavor. 

In these experiments no time was given for the starter to develop 
before adding rennet, and the ant hors' actually favor an hour at 86"^ F. 
for the starter to work in the milk before setting. Under such eon- 
ditipns about 0.5 to 0.75 per cent of lactic starter and 1 per eeut of jS. 
faecalis starter gave desired acid production. 

S. has characteristics special significaHee iu cheese. It 

gro^vs at 106° F, in the cheese vat and at 50° F. in the curing room. It 
feimients lactose, rapidly enough to be used as a starter, providing a 
imoper stmin is seleeted and developed. It grows anaerobically in 
cheese, utilizing lactates as sources of energy. It is noiiproteolytie and 
does iK)t produce gas or objectionable flavors. It grows at the pH and 
the salt eoneentration present in cheese. - t 

. SUMMARY. ^ 

A o£ Streptococcus faemUs w rapidly fermei.ited lactose 

was isolated. It was used as a starter for American Cheddar cheese 
made from pasteurized milk of excellent quality. 

The 8. faecalis starter produced acid in milk somewhat slower than a 
commerieal lactic starter but rapidly enough for cheese making. The 
cheese made with faecalis developed a normal acidity, slightly lower 
total volatile acidity, and the same water-soluble protein level as did 
cheese made with a commereial lactic starter. More Cheddar flavor of 
better quality developed in tbe cheese made with 8, faecalis^ and the body 
of the cheese was more mellow and waxy than the cheese made with 
lactic starter, 

American Cheddar cheese with the best flavor of highest intensity 
was made by using both commercial starter and 8, faecalis starter iu the 
same pasteurized milk. The flavor was pronounced, clean, good Cheddar 
but not snappy, - 
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S, /„»B. «..«er h„te„ed the ripe, .ins of “f 
ripenecl cheese of medhun flavor intensity was produced in 4.0 ^ 

50° P. and in 2.5 months at 60° P. when S. faemhs starter was used v it 
+1 1 lapfiV starter With commercial lactic starter, the same p 

“Xl of flavor, of lower was 

ot r,0» p and in *.3 months at 60" P. The results indicate that atter 
If eing periods, the cheese should be held at cold curntg te..- 

peratures. 
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THE GKGWTJH AND SURVIVAL OF STREPTOCOCCUS 
FAECALI8 IN PASTEURIZED MILK AMERICAN 
CHEDDAR CHEESE^ 

F. V. ICOSIKOWSKY and A. C. DAHLBEEG 
Department of Dairy Industry^ Cornell Umversity, Ithaca, New Yorh 

111 a previous paper (1) it was shown that the addition of Streptococcus 
faecalis starter to pasteurized cheese milk increased the rate of ripen- 
ing and iinx>roved the flavor of Ameriean Cheddar cheese. Such an effect 
naturally directed the attention of the authors to the growth character- 
isties of this organism in cheese. 

It is well known that the bacteria normally found in eommereial 
lactic cheese starters do not survive for any great length of time in cheese. 
iS\ faecalis, on the other hand, is eonsidered to be a rugged type of or- 
ganism, able to survive and grow under conditions which would soon 
destroy many other types. As American Cheddar cheese in many respects 
affords conditions unfavorable for growth of most bacteria, it would be 
interesting to observe the degree of adaptation that S'. could make 

in such an environment. That this organism commonly is found iii 
cheese has been noted by several investigators. Sherman and Stark (5) 
found in 1-day-old Swiss cheese, while Poster ct aL (2) found 

large numbers of these bacteria in ripening Brick cheese. Tittsler ef al. 

(6) stated that enterococci were one of the predominant bacterial types 
in ripening Cheddar cheese made from pasteurized milk. 

Up to the present, very little study has been made of the course of 
growth and of the survival period of S. faecalis in Cheddar cheese. Data of 
this nature should aid in an tinderstanding of the effect of this organism 
upon cheese flavor development as well as provide general information 
which vdll be required as knowdedge of the relatioiiship of S. faecalis to 
foods becomes more apparent. A study covering the foregoing phases 
was conducted. 

EXPERIMENTAL METHODS 

Methods used consisted of the total plate count using standard tryp- 
toiie-glucose-extract-skim milk agar, a selective medium plate count for 
enterococci, and conventional physiological identifieation tests for enter- 
ococci. The selective medium was that developed by White and Sherman 

(7) for the determination of enterococci in milk. It contains 0.5 per 

Received for publication December 10, 1947. 

^ This investigation was aided by a grant from the National Cheese Institute. The 
authors are indebted to Mrs. Lois Phelps and Miss Catherine Verwoert for making many 
of the chemical analyses. 
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cent glncose, 0.5 pen cent n>p on^ - Oxford units of penicillin 

cent .gar, 0.03 per cm ydmm J cntcroe-oecus group 

p„ 1. Test, employed for the ■»« * «'l«on o 

were those: suggested by Slei“ian ( ■ ■ g p 45 . f,, rapid 

fermti.1 purposes. The, ,f / ‘g per cent 

redaclion in litmus milk, and tf*™* " Jre made. All 

lodinm chloride. “Iv, ' for plating mere 

S:::tir^:«til «.e ehces; men emnlslded. Dilu- 

tious then Avere niade from this cheese 

RESULTS 

IM ,ni selcetir. me*™' ';,"e ,tte 

Eesulls shomn in this mork mere obtained on j' ■ _ A ^ niinntes, 

chee« were made from f'».eor»^ 

with the raw f ‘“XrftTtrt ivided into three eipml portion. 

Twelve hundred pounds of was the seric M0488 

and made mto cheese, ine ur , ^ (i) in which L 

LF 10468 and F 10468 reterred to_n a ^ f ^ 

was made Avith 2 per ^nmereial lacdic ^ ^ 

per cent faecaiis siaii no-n- infl uenicillin-sodium azide 

Bacterial 1, SpSLCdinilk. and startein. 

i;tr4'The ”>eti« mcLm was W to separate the ciiteroeomi, no 
fltlpl was made at this stage to identify the euterocoeens 

The reffnlar commercial starter showed a total b.attiial unun 
irnim per ml., while the S. /eecohi staider lind n total biirtenal eon. 

/io million per ml. Results Avith the selective modmm sh.nvfRl that 
no eie^coeei avL present in the regular 

mately 94 per cent of the total count of the aS. fufcali.s st<utii ,, 

“‘“t'orSuTraw milk was «I kisk duality, having a total liactmal 
4oO while the pasteurized milk had a low bacterial count of 
Tper ml bacteria groAving on the selective medium 

were vLrsmall in either milk. The total bacterial counts after the addi- 
tion of the starters ranged from 5 million to lb million, whereas 

selective medium counts ranged from 70 to 12 million. <;alting 

, The next counts were taken on the cheese curds just before salting. 
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Results are listed in table 2 under 0 days. Beginning with tliis section 
and continuing tbrougb, witli a few exceptions, 20 colonies from tlie 
plates of each cheese were isolated and cultured from plates containing 
the seleetiYe medium. These bacteria then were identified as to whether 
or not they were enterococei, using the tests enumerated preYiously, 

Total and selective medium counts of cheese ripened at 50^ F, Of the 
cheese ripened at 50"^ F. (table 2), cdieese L, eontaining 2 per cent lactic 
starter, had its highest total bacterial count, 300 million per g., within the 
first 2 days, after which the bacterial population .decreased rapidly to the 

TABLE 1 < 

Baeterial counts on starters and cheese milk containing eomniercial iaeik 
starter orgayiisms and S* faecalis organmns 


Commercial starter 

S. faecalis starter 

Rim milk 

Past, milk (143-145° P. for 30 min.) 

L 10468— past, iniik set 

at 86° E. eontaining 2% com. starter 

LF 10468 — ^jmst. milk set at 86° E. contain- 
ing 1% com. starter and 1% faecalis 
starter 

F 10468’ — past, milk set at 86° E, eontain- 
ing 2% S. faecalis starter 


Total baeteiial 
eomitspcrml. 
on standard agar 

.Bacterial coiiiits 
per ml. on. 
penicillin-azide 
agar 

300,000,000 j 

! ■ ■ 1 

950,000,000 

890,000,000 

5,700 1 

320 

. :5()0' ■'■! 

' 

50 

5,000,000 

70 , 

1.1,500,000 

6,400,000 

16,000,000 

12,000,000 


low total count of 1,200,000 per g. at the end of 23 days and then gradually 
increased to a total count of 26 million at the end of 180 days. Cheese LF, 
containing 1 per cent lactic starter and 1 per cent faecalis starter, had 
its higliest total comit, 1,150 million pez- at the tizne of salting the enrcl. 
The nzmibei* of bacteria then decreased vcny slowly over the z-ipeziing 
period of 180 days to a low of .305 nzillioii. Cheese F, eontaining 2 per eeut 
S. faecalis starter, on the other hand, had a high total count of 1,7.90- 
million at the time of salting, hut this high count was maintained at tlie 
same level for 60 days, after which it slozvly decreased to 855 million at the 
end of 180 dafs. 

■\Vhen the selective penicilliu-azide medium for enterococci was usec^ 
on the cheese ripened at 50° F., the following results, ozztlined in table 2, 

, zvere obtained. The selective medium baeterial count for cheese L zvas lozv- 
est during the first 2 days. Just prior to salting of the cheese, the bacterial 
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eouut Avas 300, with 18 of the 20 colonies being identified as enterococci. 
From thi.s Ioav point, the bacteria in this control cheese increased to a peak 
of 23 million per g. However, it can be seen clearlj- from the summary 
of identification tests (table 2) that the increase in numbers wa.s not a 

TABLE 2 


Bacterial cozmfs 0 / American Cheddar cheese (Scries lOddS) 
made from eornmereial staidcff S. faeealis starter ^ and a 

mixture of the tivo, amd ripened (vt 5(C FA 


Cheese « 

Age 

Total bacterial 
count per g. 
on stfindard agar 

'Bacteria! eount 
per g. 

on peuicillhi-axide 
agar 

Positive 

, identification 

1 of outert)cr*cci 

L 

(days) 

■0 

300,000,000 

300 

{from picked 

colonies) 

18 

LP 

0 

1,150,000,000 

520,000,000 

19 . 

P 

0 

1,790,000,000 

1,370,000,1)00 

20 

L 

0 

320,000,000 

100 

1 

LP 

■■ 2 ■ 

1,070,000,000 

490,000,000 


P 

2 

1,890,000,000 

1,100,000,000 


L 

11 

00,000,000 

5,000 

4 

LP 

11 

920,000,000 

500,000,00(1 

! ■ 19 

P 

11 

1,750,000,000 

1,310,000,000 

1 20 

L 

23 

1,200,000 

14,000 

1 

LP 

23 

686,000,000 

389,000,000 

i 

P 

23 

1,560,000,000 

1,070,000,000 

i 

L 

■ '34 ' 

2,900,000 1 

I 295,000 

I''- 

LP 

34 

740,000,000 

i 390, 000,000 

i, .19 

P 

34 

1,810,000,000 

; 1,065,000,000 

1 ■ , 20 , 

L 


11,000,000 

2,700,000 

[' ' ' ^ '6 ' 

LP 

, ^'60 1 

480,000,000 

345.000,000 

' 20 

■p; ■ 

, 

1,630,000,000 

1,085,000,000 

r .■ 19 

1 ' 

'L 

120 ■■ 

44,000,000 

23.000,000 

0 

LP 

120 

360,000,000 

290;000,000 

19 

P- " ' 

120 

970,000,000 

740,000,000 

18 

h ■ 

180 

26,000,000 

11,000,000 

■ ■■ 0 . ' 

LP 

180 

305,000,000 

250,000,000 

I' ■ ■ 19 ■ ■ 

P 

180 

855,000,000 

675,000,000 i 

1 

1 ■ 20 


a L = 2% regular lactic starter in cheese milk, 

LP ==1% regular lactic starter in 1% H. faecaHs starter in cheese milk. 

P 2% S. faecalis starter in cheese milk. 

result of an increase in enteroeocei bnt rather of another type or tyjies 
of bacteria able to multiply on the selective medium. Further examina- 
tion of these organisms showed them to be of the genus LactohaoillKs. 

In cheese LF, the highest number of enterococci, 520 million per g., 
was found in the curd prior to salting. The numbers of these bacteria 



the same level for 60 days, after ’which it decreased to 675 million at the 
end of 180 days. Praeticall}" all the colonies isolated by means of the selec- 
tive medium belonged to the enteroeoceiis group, and, as only 8. faecalis 
was added, presumably all or almost all of this species made up the bacter- 
ial count of cheese F. 


Cheese 


Total bacterial 
count per g. 
on standard agar 


Bacterial count 
per g. 

on penieillin-azide 

iigar 


Positive 
identification 
at* enterococci 


Sire/ptococcus faemUs in cheese 


were maintained at almost 70 per cent of this level for 60 days, while at 
the end of 180 days there was a decline of about 50 per cent. Almost all 
the bacteria isolated were of the enterococcus group. 

Cheese F at 50° F. had the highest enterococcus count, 1,370 million 
per g., just before the curd was salted, and this count was maiiitaiiied at 


TABLE 3 


Bacterial eoimts of iiasteiirhed-mUh American Cheddar cheese (Series 10468) 
made from commercial starter, S. faecalis starter and a 
miictnre of the two, and ripened at F. 


(days) 

0 

0 

0 


300,000,000 

1.150.000. 000 

1.790.000. 000 


300 

520,000,000 

1,370,000,000 


(from 20 piclced 
eolonies) 

IS 

19 

20 


120 

120 

120 


a- L = 2% regular lactic starter in cheese milk. 

LP = 1% regular. lactic starter in 1% faecalis starter in cheese milk. 
F =: 2% /acealu starter ill cheese milk. 


50,000,000 

960,000,000 

1,680,000,000 


36,000 

450,000,000 

1,330,000,000 


3,200,000 

680,000,000 

1,490,000,000 


2,700,000 

420,000,000 

1,030,000,000 


14,000,000 

630,000,000 

1,600,000,000 


5,500,000 

385,000,000 

1,020,000,000 


50,000,000 

450.000. 000 

875.000. 000 


26,000,000 

305.000. 000 

750.000. 000 


61,000,000 

150,000,000 

530,000;000 


28,000,000 

115.000. 000 

450.000. 000 


180 

180 

180 


35.000. 000 

61.000. 000 
165,000,000 


13,500,000 

36.000. 000 

90.000. 000 


m 
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Toial and selective medium, counts of cheeses ripened at 60"^ F. Tlie 
bacterial counts of clieese ri])ened at 60'^ F. compared to those of tiie same 
lots of clieese ripened at 50 F. showed many similar trends (table d). In 
control cheese the total bacterial count showed a rapid decrease from a 
high of 300 million to a Ioav of 3 million per g. at the end of 23 days. This 
was followed by a steady increase until at the end of 120 days the total 
bacterial count was up to 61 million. Two months later the luimbers of 
bacteria had decreased to 35 million. Tii cheese LF a high total bacterial 
count of 1,150 million was obtained on the curds Just prior to salting. The 
total count then gradually decreased to 450 million at the end of 60 days, 
while at the end of 180 days the bacterial count liad gone down to 61 mil- 
lion. Cheese F showed results in line with those exhibited by cheese LF, 
going from a high of 1,790 million in the curd to a low ol‘ 165 million at 
180 days. 

Selective medium counts made on these clieese ripemal at 60'^ F. (table 
3), showed control cheese L with a low initial count of 300, followed by a 
steady increase to 28 inillioii at the end of 120 days and a drop to 13,5(.)0,{H}0 
at 180 days. This increa>se in cheese L was not due as much to enterococci 
as to lactobacilli. On the other hand, chee>se LF liad its highest entc'ro- 
coccus count just before salting, 520 niillioii per g., and this impulation 
decreased to 36 million at 180 days. At the end of 60 days of ripening, 
305 million enterococci per g*. still wei’e present. In this connection, cheese 
F, with 8. faeealis starter only, showed counts whieli were maintained 
for long periods of time. Starting with an initial selective .medium count 
of 1,370 million, this cheese still had a count of 750 million at the end of 
60 days, and then dropped to 90 million at ISO days. 

A comparison of tables 2 and 3 shows that at 50 and at 60° F, the 
trends of bacterial growth and survival were very similar; the difference 
that existed showed upM as a more rapid decline in bacterial population at 
60° P., a result which was expected. 

A duplicate experiment made on cheese manufactured a nnmili later 
produced data of strikingly similar nature. Th(.*.se data are liot iiududed 
in this paper because they would only provide repetition of the initial 
observations, 

DISCUSSION 

A study was made of the growth and survival of Sircpfococcus faeealis 
in pasteurized milk American Cheddar cheese over a 6-moiith ripening 
period at 50 and at 60° F. Control cured cheese made from pasteur- 
ized milks and containing only regular lactic cheese starter had the lacto- 
bacilli as their predominating organisms. These results do not agree with 
those of Tittsler et al. (6), who stated that enterococci were the predom- 
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iiiating organisms in pasteurized milk elieese. However, it is pointed out 
that the milk used in the present study was of very high cjuality, and cheese 
made commercially from pasteurized milk was not included. Development 
of lactobacilli in large numbers late in the ripening period of Cheddar 
cheese ■wa>s noted very early by Hastings et al (3) and by other investi- 
gators. ' ' 

The observation that the >selective medium developed by White and 
Sherman (7) for the separation of enteroeoeci actually allowed baeteria of 
the lactobacillus group to gro’w confirms the earlier findings of 'White and 
Sherman (8). These investigators found that in cheese certain species of 
lactobacilli were able to grow in the selective mediiiBL Where enteroeoeci 
are predominant, this method of selection is very nsefnl and surprisingly 
consistent in its ability to recover the organism. In the ^York involving 
cheese where there was a vast numbei* of S. faecdis organisms, the selec- 
tive medium -was able to recover on the average about 73 per cent of the 
total bacterial counk as enterocoeei. This is a good recovery when one 
considers the many opportunities that exist. for the elimination of the less 
resistant bacteria ill work of this nature. 

/aecul proved able to adapt itself well to the environ- 
ment provided by Cheddar cheese when added as a starter. Its best groivtii 
occurred in the milk and curd up to salting, and it was able to grow and 
survive in large numbers after 180 days of lipeniiig at 50 and at 60° F. 
This characteristic resist aiiee to destruidiou in cheese further strengthens 
the authors’ belief that this organism is instrumental in developing in- 
creased flavor in cheese: ^ 

SUMMARY- 

Three lots of milk pasteimzed at 143-“145° F. foiv 30 minutes were made 
into American Cheddar cheese. These lots contained, respectively, 2 per 
cent commercial lactic starter, 1 per cent commercial lactic starter plus 1 
per cent 2 per cent S. faecalis starter. 

A selective penicillin -azide medium, ivas used to eoiiiit and isolate the 
enteroeoeci. 

In 1-day-old cheese made wfitii commercial lactic starter, the number of 
bacteria growing on the selective hnedium was small, 300 per nil, but 
tliese gradually increased to 23 million per ml. at the end of 120 days at 
50° F., and to 28 million per ml. after 120 days at 60° F. At the end of 
180 days the counts on the selective medium had decreased to 11 million 
and 13 million per ml. at 50 and 60'^ F., respectively. In this cheese most 
of the increase was due to lactobacilli and not to enteroeoeci. 

When S, faecalis was used as a starter for pasteurized milk American 
Cheddar cheese, the highest enterococcus count w-as found to exist in the 
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cheese curds just prior to salting, the eoiint being 500 million per g\ for 
cheese containing 1 per cent cominereial lactic starter plus 1 per cent 
S. starter, and 1,370 million per g. for the cheese containing 2 per 

cent S. faecalis 

S. faecalis was able to grow and survive in Cheddar cheese in large 
numbers for a considerable period of time, both at 50 and 60"^ F. At 
50^ F,, cheese made with both lactic and S', faecali^^ starters still geve 
counts of 345 million per g., and cheese made with aS, faecalis starter gave 
counts of 1,085 million per g. at the end of 60 days, whereas at 60° F. the 
former cheese contained 305 million per g. and the latter cheese contained 
750 million per g. at the end of 60 days. At the end of 180 days tlie numbers 
of bacteria in the cheese growing on the selective medium had decreased, 
althongh considerable numbei’s still were present. 
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THE TYRAMINB CONTENT OP CHEESE^ 

IP, Y. KOSIKOWSKY and A. C. BAHLBEKG 
Department of Dairy Industry, Cornell University, Ithaca, Yeur JorJs 

The process of cheese ripening produces a variety of nitrogenous decom- 
position products, some of which must exert an important influence upon 
the ripening process. Yet relatively little is known concerning the iiature 
of many of these compounds, their coneentration in cheese, their specific 
role in ripening, and their nutritional value. For example, inforination 
is relatively meager on the amino acids freed in cheese during ripeningv and 
even less is known concerning the respective amines which may be formed 
from these amino acids. 

This paper deals with a small portion of this complex problem in that 
a quantitative study on cheese was made of the amine derived from tyro- 
sine. This breakdown product from tyrosine is p-hydroxyphenylethyla- 
inine and very commonly is referred to as t^u^amine. No information has 
been available to indicate its quantitative concentration in cheese, with tlie 
single exception of an Emmeiithal cheese. 

Tyramine is an alkaloid of the aromatic amine type. It can be produc^ed 
by heating tyrosine with a high boiling solvent such as diphenylamine or by 
bacterial decomposition of tyrosine. Often it occurs in decaying protein 
and it also is found in ergot and mistletoe. Tyramine lias a boiling point 
of 179-181° C. (8 mm.) and a inelting x>oint of 161'^ C. When iiijeeteci snb- 
cntaneously or intravenously, it has the property of contracting the i)eriph- 
eral blood vessels, thus causing an inei*ease in blood piressiire, and for this 
reason it is used rather frequently in medicine. Gale (6) found the opti- 
mum p>roductioii of tyramine by bacterial cells to occur at 4.5 to 5.5, 
which is ill the pH range of noriixal American Gheddar cheese. 

Tyramine was first discovered in elieese in 1903 by Van Slyke and Hart 
(8) in their research to show the source of carbon dioxide in cheese. They 
made two small batches of Checldaiycheesty from fresh milk and^^^f^^ fresh 
milk to which chloroform had been added. Of specific interest in 
study was the accumulation of relatively large amounts of tyrosine and no 
tyramine in the ehloroformed cheese (a low acid cheese) after curing for 
32 weeks at 15.5° C. (60° F.) as compared with lesser amounts of tyrosiiie 
and jiGsitive tests for tyramine in the normal cheese. This conversion of 
tyrosine to tyramine was thought to be due to bacteria. They cited the 
research of Emerson (5), published the previous year, which established 

Received for publication December 10, 1917. 

^ This investigation was aided by a grant from the National Cheese Institute. 
The authors are indebted to Mr. Allan Leventhal for Ins aid in some of the chemical 
analyses. 
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that the aqueous extract of the pancreas converted tyrosine into tyramiue 
with liheratioii of carbon dioxide by the following I’eactiou : 

HO • GeH^ • CH, • CH (NHo) COOH HO • CoH, • CHo • CH*, ' NH, CO. 

All abnormal Emmenthal cheese was found in 1909 by AYinterstein and 
Kiiiig (10) to contain tyrainine. The authors did not state the reason for 
considering this cheese to be abnormal, but they found the tyrosine content 
to be abnormally low for a weihripened cheese. They believed that bacteria 
probably converted the tyrosine into tyramiue. Later Wintersteiii (9J 
found traces of tyramiue in a skim milk Emiiieiithal cheese. 

In 1914 Ehrlich and Lange (4) reported the presence of tyramiue in 
samples of Eoquefort, Cainembert and Emmenthal cheese. The tyramiue 
content of the Emmenthal cheese was found to be 1.08 g. in 1.8 kg. of 
cheese, or 0.06 per cent. When the cheese was inoculated into a bacterial 
culture medium containing tja'osine, tyramiue was produced. A culture 
was isolated which produced tyramiue by this method, but it did not 
l^roduce tyrosol or pdiydroxyphenyllaetie acid. This culture which pro- 
duced acid in milk belonged to the colon group of bacteria. The literature 
includes the analysis for tyramiue of only one Cheddar, one Eoquefoi't, 
one Camembert and three. Emmenthal cheeses. All samples tested showed 
the presence of tyramine, but of these six samples, only one, an Emmenthal 
cheese, w^as analyzed quantitatively. 

Methods for the separation and estimation of tyramine have been known 
for some time, but only in recent years have newer methods been intro- 
duced which can he applied on a large scale to the estimation of this com- 
pound in such products as cheese. Henze (7) developed a quantitative 
method for obtaining and separating tyrosine and tyi’amine from cepha- 
lopods by ether extraction. AYith this method he isolated tyrosine and tyra- 
niine from the salivary gland of Octajms macropus and determined the 
compounds colorimetrically by the Millon reaction. Recently Bellamy 
and Gunsaliis (1, 2), by using a continuous ether extractor and a colori- 
meter, adapted amV applied this method to the determination of tyrosine 
and tyramine in bacterial cultures in their study on tyrosine decarboxylase 
systems. Utilizing the knowledge obtained by the foregoing investigators, 
an applied method for determining tyramine in cheese %vas evolved. With 
this method it was possible to test quantitatively a large number of cheeses. 

EXPERIMENTAL METHODS 

The principle of this method is that the phenolic h^'-droxyl group, which 
is characteristic for tyrosine and tyramine, will react to form a positive 
Millon test under the proper conditions. Separation of tyramine from 
tyrosine is based on the fact that tyramine can be extracted by ether under 
mildly alkaline conditions, while tyrosine is insoluble in ether. Both are 
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insoluble in acid ether, while phenols are soluble. The method as applied 
to cheese is described. 

Freparation of sample. Fifteen grams of cheese were ground in a 
mortar -with a small amount of warm (45° C.) 2 per cent sodium citrate 
solution. After the cheese was well emulsified, the solution was transferred 
quantitatively to a 250»ml. volumetric flask and enough sodium citrate solu- 
tion was added to bring it to the 250-ml. mark after cooling to 25° C. The 
contents of the volumetric flask were tonsf erred to a standard 300-ml. 


^oUfflon 


^o/utfon y' 

Fig. 1. A eonthiuous extractor for separating tyrainhie from tyrosine. A, extr{iction 
tube (200x25 mm.); receiver tube (200x25 mm,); C, glass thimble. Condenser 
capacity— 300 mm. 


pyrex flask and heated to C. for 15 minutes in a water bath to destroy the 
decarboxylases and then cooled to 25° C. After cooling, an 18-g. sample 
obtained by using a calibrated pipette was transferred to the extx’aetion tube 
(A) of the continuous ether extractor sliown in figure 1. This extractor, 
very similar to the one proposed by Wooley (11), was used hj Bellamy and 
Giinsalus (1, 2) in their work on bacterial decarboxylases. 

Acid extraction of cheese. To the receiver tube (B, fig. 1) of the ex- 
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traetor, 5 ml. of M/5() sulfuric acid were added. This acid solution is 
used to trap the tyramine when it comes over with the ether. The glass thim- 
ble ((7^ fig. 1) was x^laced in the extraction tube and then ethyl ether eare- 
fully was added to both the extractor and i*eeeiver tube. This was done 
until a 8-cm. layer accumulated in the receiver and until the ether Just 
reached the side arm in the extractor tube. The two sections were attached 
to each other by means of cork comieetions and then attached to a con- 
denser. Gentle heating of the ether in the receiver tube was accomplished 
by the use of an oil bath. Extraction under acid conditions was carried 
on for 5 hours to remove a large portion of the fat and fatty acids and any 
phenols that might be present. This extraction, due to the influence of the 
sodium citratti was carried at slightly above the j)H of most normal Ched- 
dar cheesej or about pH 5.5-5.8. 

AXkali extraction of cheese. The receiver tube was emptied, washed, and 
again filled to its former level with 5 mi. of M/'SO sulfuric acid and siiffleient 
ethyl ether and attached to the extraction section. The entix'e extraction 
unit then was taken from the oil bath, and enough of a solution of 10 per 
cent sodium carbonate was added to the thimble in the extractor tube to 
make the solution to be extracted slightly alkaline to phenolphthalein. The 
qiiantity required varied from 0.4 to 1.0 ml. No phenolphthalein actually 
was added to the extractor tube as it would be extracted by ether and would 
give a positive test. To find the proper amount of alkali required without 
adding plienblphthaiein to the unit, an Eriemueyer flask eoutaluing 18 g. 
of the cheese solution and phenolphthalein was used and the solution in it 
neutralized. The same amount of alkali required for this preliminary iieu- 
tralization wa.s added to the thimble. Extraction was resumed and con- 
tinued until all the tyramine was obtained. This usually took about 42 
hours, dependiug on the nature of the clieese. To assure complete extrac- 
tion, analyses were made on the contents of the receiver tube after 30 hours 
and then at 12-honr intervals until the pink color no longer was produced. 

After each of these extraction periods the receiver tube was disengaged 
from the extractor tube and the entire ether-acid mixture was cooled 
sliglitly and ponred slowly into, a graduated test tube. The test tube was 
placed into an oil bath and the ether earefnily boiled off. The acid solution 
remaining was cooled to 25"^ C., and the volume noted and tyramine analyses 
made. The receiver tube again was filled with acid solution and ether, and 
the extraction resumed. 

Measurement of color. One milliliter of the aeid solution containing 
the tyramine was pipetted into a colorimeter tube (calibrated 18 x 150 mm. 
j)yrex test tube). Three milliliters of 95 per cent acetic acid were added, 
followed by 2 mi. of a mercuric sulfate reagent (10 per cent mercuric sul- 
fate in 5 per cent sulfuric acid) and the tube well agitated. This mixture 
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was heated for 3 miimtes in boiling water, cooled and mixed. The tube 
then Avas placed in a Coleman no. 11 spectrophotometer and read at 500 7 
against a reagent blank set at (? = 100. After this turbidity reading (Li) 
if anj’-, was recorded, 1.0 ml. of fresh 0.5 per cent sodium nitrate (prepared 
fresh daily) was added and well mixed, and the tube read at 500 7 after 
15 minutes at room temperature against a reagent blank to which sodium 
nitrate solution had been added. The second reading Avith the color-pro- 
ducing compound Avas labeled La- 



so 30 ■40 50 60 70 30 SO fOO HO tso 

SSMMS-TT'RSM/Ne. SEJS ml. M/fO HgSO^ SOLUTION 

Fig. 2. Standai'd curve for tyramine using tlie Coleman spectrophotometer. 

Calculations. Calculations required for this method are as follows: 
l=:2^logG 

— (x^roportional to tyramine eoncento^^ 

tr galvanometer reading 
Li==valiieoftuii)id]ty 
La = value for color 

To find the amount of tyramine indhe samiile, one of two things can be 
done. Keferenee can be made to the standard curve (fig. 2), or the tyra- 
mine content can. be calculated by using a constant K, which has been ob- 
tained at different levels. To use K, the standard curve must go through 
the origin. 

K - stan dard sample 

L for same sample 
(iamina in. standard sample = KL 

Tlie final standard is brought to gammas of tyramine per gram oi 
cheese, after considering all dilution factors. In this work all values are 
based on tyramine and not tyramine hydroeliloride. 





EESULTS 

The recovery of added fyramine from cheese. In order to test the 
ability o£ this applied metliod to recover tyramiue from cheese effectively 
and at the same time to prevent tyrosine from being extracted, a nnmber of 
recovery experiments were performed. The results from several ex- 
perimental trials indicated that when pure tyrosine was added to %vater 
or to a cheese solutiohj no amount of extraction, either at an acid or alkaline 
pH, would bring over the tyrosine. On the other hand, wlien various 
amounts of tyramiue in the form of tyrainine hydrochloride were added 
to a cheese solution, which then was made iniidly alkaline with 10 per cent 
sodium carbonate, it was found (table 1) that practically all the added 
tyramiue was recovered under the conditions of extraction and color 

TABLE 1 

TJie recxriwry of mkled iyramine from ch(H^-w (S46S 
(5-hr. acid ether extraction 4- 40-hr, alkali ether extractiun) 


rjnimine 
a cl fled 

Tyraniiiie 
foinul in cheese 

Tyraiiiiii 

recovorc( 

(y/s-) 


(%) 

0 

1 , 1427.', 


790 

1 :■ ■■■2191 

97.0 

1580 

3008 

100.0 


estimation previously described. In this recovery experiment 5 hours of 
acid ether extraction and 40 hours of alkali ether extraction "were required 
for complete recovery. For some cheese solutions where smaller amounts 
of tyramiue were added, complete recovery ^Yas attained in a shorter 
of time. 

The tyramine oonient of 25 Cheddar cheeses. Analyses for ty ramine 
were conducted on 25 commercial Ainerhmn Olieddar cheeses. These 
samples Avere obtained from Ne\v York, Wisconsin, Illinois, and Missouri 
and consisted of both raw and pasteurized milk cheese, * The ages of these 
cheese ranged from 2 months to 3 years. 'No attempt was made to show here 
effect of such factors as treatment of milk or cheese and the effect of 
upon the tyramine content, as these topics will form the basis of sub* 
sequent papers. The high, average, and low tyramine eoneentrations of 25 
American Cheddar cheeses are shown in table 2. 

The tyramine content of Cheddar cheese can be much greater than that 
listed in the table. One very old Cheddar cheese, not included in the group 
of 25 cheeses beeamse it not manufactured in a commercial plant, was 

or 0.223 per cent. Data shown 
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here make it quite apparent that practically all eoinmereial American 
Cheddar cheese must contain tyramine in a wide range of concentration. 

The tyramine content of miscellaneous types of cheese. A number of 
cheeses representing* diversified types w’ere subjected to analyses for tyra- 
mine. The results of these analyses are showm in table 3. All samples 
within a type variety were purchased from different sources and at differ- 
ent times of the year. It was assumed from the beginning* that the values 
shown here do not necessarily typify any particular variety of cheese, as 
factors tending to shift these values always are present. Data shown in' 
table 3, however, do give some idea as to the tyramine content of an assorted 
group of cheeses. Here again, as with the Cheddar cheeses, a wide range 
exists not only between varieties but also between samples of similar types. 
The smallest amount of tyramine, dS y per g., occurred in a Rociuefort, while 
the largest amount, 1,683 y per g., occurred in a Liederkraiitz cheese. 


TABLE 2 

The concentration of tyramine in twenty-five commercial Cheddar cheeses 


Cheese. 

Tyramine | 

Tyramine 


(.y/u-) 

(7c) 

Highest 

1199 

0.1199 

Lowest 

25 

0.0025 

Av 

y 384 ■ : ■ . ■ 

0.0384 


Two different samples of Liederkrantz both gave liigli eoncenti^atioiis 
of tyramine. This is undoubtedly a result of the ehai*acter of this cheese, 
where early and extensive decomposition of proteins occurs. The Lim- 
burger sample, \vhich is considered similar to Liederkrautz in its decom- 
position. properties, had a relatively low value. Further examination of 
this sample showed it to be very atypical in tliat it was not broken down 
in body and that it resembled a Brick cheese more than a Ijimburger. 

The isolation, purijieafioH and ideniijication of the dihenzoyl derivative 
of iyraniine froyn Cheddar cheese. A series of tyramine extractions was 
conducted on several Cheddar cheeses which were considered to liave large 
concentrations of tyramine. Sufficient extractions were made from fresh 
samples of cheese to provide a Toliiine of 500 ml. of N/50 sulfuric acid eah 
culated to contain about 35 mg. tyramine. The acid solution (about pH 1) 
then was evaporated in vacuo to approximately 40 ml, washed with ethyl 
ether to remove any fat, and then centrifuged to remove other impurities. 

The method for obtaining a dibenzoyl derivative of tyramine as des- 
cribed by Gale (6) was followed. Solid sodium bicarbonate was added 
until the pH of the solution was brought to 7.5-8.0 and the mixture was 
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coolM'^in iee*to 10-12’^ C. Benzoyl eliloride then was added, with vigorous 
shaking, a few drops at a time until about 3 mol. equivalents had been 
added, the pH being maintained in the region of 8 by the addition of solid 
sodium bicarbonate. This mixture was left overnight in a eold room. The 
following day a precipitate had formed and -was removed by centrifuging. 
It was purified by extracting with hot absolute alcohol. The dibenzoyl 

TABLE 3 


The concentration of tyr amine in an assorted 
yroup of cheeses 


Cheese 

Tyramine 

Tyramine 


(y/.'J'.) 

{%) 

Edam u 

■ 214 i 

0.0214 

Edam 

100 

0.0100 

Roquefort a 

48 • j 

0.004S 

Blue 

■ 4,9 j 

0.0040 

Blue 

266 1 

0.0266 

Limburger 

204 j 

0.0204 

Liederkrautz 

1226... i 

0.1226 

Lleclerkrautz 

: 1083 1 

0.1683 

d^Oka a 

310 .j 

0.0310 

d ’Oka a 

158 ' ' 1 

0.0158 

Gouda a 

95 

0.0095 

Gouda 

54 j 

0.0054 

Brick 

194 . ! 

0.0194 

Muuater 

110 i 

0.0110 

Swiss 

50 1 

0.0050 

Swiss 

434 i 

0.0434 

Romano a 

'■ ■ ■" ..197 ■ 'i' 

0.0197 

Argoiiti a ; I 

188 1 

0.0188 

Cumombert 1 

■:i25 ' /.'.■i 

0.0325 

Mild process )> j 

164 

0.0164 

Cheese food 

125 j 

0,0125 


tt Imported clieeses. 

Cheddar. „■ 

tyramine w^as reerystallized once from dilute alcohol and its melting point 
determined on a hot-stage microscope. A sample of dibenzoyl tyramine 
was prepared in the same manner from highly purified Eastman Kodak 
tyramine hydrochloride and the melting point of the derivative taken by 
the hot-stage microscope. Gale (6) reported that the dibenzoy] tyramine 
obtained in his studies had a melting point of 171-172'^ C. (corr.). The 
derivative from, the present cheese and from the known pure tyramine 
melted at 170-172° C. (corr.) and a melting point of the mixed samples was 
169-172° C. (corr.). These data confirm that tyramine was the cdiemieal 
substance being extracted from the cheese. 
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It lias been possible to sliow the presence and concentration of tyramiiie 
( 2 ?"liydroxyplienylethylamme) in a large number of ripened types of cheese. 
As tyramine can be derived from tyrosine by bacterial decarboxylases, a 
prerequisite of tyramine production in cheese is the presence of free tyro- 
sine. The obserYations of Dom and Dahlberg (3) that the white particles 
in ripened Cheddar cheese actually are made up largely of tyrosine fully 
satisfies this condition. 

The fact that tyramine was found in practically all commercial cheeses 
examined is not as surprising as the concentrations found. Past concepts 
that tyramine occurs in normal cheese only in. traces, if at all, will have to 
be revised. A concentration of from 0.08 to 0.12 per cent cannot be con- 
sidered a trace. In these analyses it was found that 5 out of 25 commercial 
American Cheddar cheeses fell in the above group. Because of the very 
unique properties of tyramine, the implications and significance of the 
presence of such amounts in cheese should pose some very interesting 
questions for future study and should prove to be a fertile field for inves- 
tigation. 

Compounds other than tyramine and tyrosine, but containing the same 
characteristic phenolic hydroxyl grouping, if present, also would give a posi- 
tive Millon test. These compounds would include tyrosol, ^p-liydroxy- 
phenyllactic acid, 2 ^-fiyfii*oxyphenylaeetic acid, thyroxine, dopa, 
Xihthalein, phenol, salicylic acid and thjnnol. Plowever, practically all of 
these compounds can be ruled out either as being insoluble in ether or as 
never having been reported to be found in cheese. If free phenol 
were present, it Avoiild be removed by the acid etlier extraction. Never- 
theless, to make certain that tyramine actually was being obtained, a diben- 
zoyl derivative of it was isolated and purified from cheeses after standard 
extraction by the method. 

The initial 5-hour acid extraction was introduced in the method to 
remove fat and fatty acids. At the end of this period most of the fat will 
be extracted, thus ruling out fat as an experimental factor, and no tyramine 
will be extracted. This w-as true for all Cheddar cheeses which are ex- 
tracted at a pH range of 5.0 to 5.8, but in the case of well broken-down 
cheeses such as Liederkrantz, where the i.)H was liigher, some tyramine was 
recovered. In the actual analyses these initial recoveries of tyramine were 
added into the total. 

The method as api>lied to cheese usually produced results on duplicate 
samples with an experimental error of less than 3 per cent. Results below 
50 y per g. produced a larger experimental error. However, as the range of 
values was from 25 y to more than 2,000 y, this variation was not important. 

Several precautions should be stressed. ITiiless tlie extraction rate is 
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• • +flWp sludge or emxilwiou will oeeur m ^lie 

very sl.^, .* the hesmmng > i«'asi„g m arneuft to e.teh a I»hit 

ether of the extraction tube fina J - happens, a complete 

that it will carry over iiito the emulii-ation effect it 

re-extraction must be begun. p^traction for the first 12 hours at a 

rate of not more than 40 extraction tube may be disen- 

but has not gone through ‘ ^ j ^he extraction tube is placed in 

gaged and the thimble removed after x h ch t 

he%varm oil until the emulsion has set led 

the thimble is replaced, more ^^ffer is adckd t ^ 
is continued. Other factors ^uch^ 

•i'liiQ oTiinlsioii cirG tli0 piGscucc & t i i 

greater amounts of <4ieese than that i, ph>ar. If the 

The final acid solution in t --ec^ ^he usiul^ ^ 

solution contains protein be used. Also, the 

easily visible, the lesu s „«! . f.iilnre to do this will increase turbidity 

ether must be completely boilec , -< ^ ^ reagents. 

and will provide erroneous results. A blank siiouiu 

SUMMARY 

A method for separating tyramine ftom ''"Tllh^metlmd 

“:L:T:rr,« 

‘’■''“'"“vitsmTpi s-h 0.0384 p.v »nt,.he Mgl.,^4 

, pi S or 0,1199 p.r rent, and tte loweat ™ 2a , per 4 -., or O.IW... 

cial cl,e»o ,ve„ tea.ed lor '>™“ w», l.»«d »> 

tyramine in varying eoneentrations. Ahc ui»u _ ^ 

Liederkrantz cheese which had ^ “oncentia - ’ ' ^ 

per root *n., 90 .0.0.. 

laolM. .„e. 9 „d, 

Tyramine was isolated from a sample of Cheddai rlncst o. 
purified, and identified as the dihenzoyl derivative. 
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THE RELATIONSHIP OP THE AMOUNT OP TYRAMINE AND THE 
NUMBERS OP STREPTOCOCCUS FAECALIS TO TPIB INTEN- 
SITY OP PLAVOR IN AMERICAN CHEDDAR CHEESE^ 

A. C. DAHLBBEG and B. V. KOSIKOWSKY 
Department of Dairy Industry, Cornell University, Ithaoa, New Yorh 

The three previous papers in this series (3, 7, 8) have sho-wn that the 
flavor of experimental American Cheddar cheese was intensified by Strepto- 
coccus f ac calls Bt&i'tev, that this bacterium grew and survived in large num- 
bers in cheese, and that tyramine, a product of growth of 8 . faecalis in the 
presence of tyrosine, was found in all varieties of cheese that were analyzed. 
Problems naturally arose concerning the effect of the presence of 8 . faecalis 
on the production of tyramine in cheese and any relationship that might 
exist between the tyramine content of commercial American Cheddar 
cheese and the intensity of the Cheddar flavoi'. 

BXPEBIMENTAL PEOCEDUEE 

AVhen the cheese from earlier expei-iments (3) was 5 months old, it wms 
analyzed for tyramine. The flavor intensity of this cheese had been re- 
corded as scored, but the scoring occurred on various days and the samples 
wei’c not compared together as a lot at any. time. Hence, some variation 
in flavor ratings must be expected due to the personal factor. The obvious 
relationship of tyramine to flavor intensity prompted further study. 

Samples of good commercial Cheddar cheese were selected by Several 
cheese companies to give flavor of varying intensity. These samples came 
from Wisconsin, Illinois and Missouri. A few samples -were selected by 
one of the authors at factories in Ne-w York State. One sample of cheese 
made at Cornell University from raw milk was used; this sample was 10 
year's old. After all of the samples were on hand, they were arranged in 
order of i)itensity of flavor by three experienced judges. In several in- 
stances, the character of the flavor was such that it was difSenlt to place the 
cheese exactly. For example, cheese S2.5 possessed some Swiss cheese flavor 
which interfered with judgment of the iirtensity of Cheddar flavor. 

Data were obtained on the age of the cheese, and curing temperatures 
usually were available. The manufacturer also stated whether the cheese 
had been made from raw or pasteurized milk. The cheese was tested for 
phosphatase by the method of Sanders and Sager (9), soluble and total 
Received for publication Pecember 10, 1947. 

^This investigation was aided by a grant from the National Cheese Institute. 
The authors are indebted to Mrs, Lois Phelps, Miss Catherine Verwoert, and Mr. 
Allan Leveiithal for making many of the chemical analyses and to Mr. W. E, Ayres 
for assisting in the judging of the samples. 
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protein (2, 10), volatile acids (6), pH, moisture, salt, titratable acidity, 
total bacterial count by the standard plate method (1), total enterococcus 
count (13), and (Sf. /accalis identified by characteristics given by Sherman 
(11) . The titratable acidity was determined by weighing oixt 3 g. of cheese, 
macerating with 10 ml. warm water in a white dish, titrating with 0.1 N 
alkali with phenolphthalein as indicator, and calculating the results to per- 
centage of lactic acid. 

EBSULTS 

The experimental cheese made with lactic starter and aged 5 months 
showed the lowest tyramine content, averaging 38 y per g., and tiie mildest 
Cheddar flavor (table 1). Cheese made with both commercial lactic and 
8. fmcalis starters developed the highest tyramine content, 786 y per g., 

TABLE 1 

The tyramine content and intensity of f avor of experimental 

American Cheddar cheese made with eommercial laetie and 

^ 


Cheese no. 

Coring temperature 

Tyramine 

Flayor 
( intensity 


■ (“E) ■ , " 

(y/ff-) 



i Commercial laetie starter ' 


10464 

50 

21 

medium- — 

10464 

60 

87 

medium + 

10468 

! 50 

■■■ 4- 

mild 

10468 

.. 60 , ■' 

40 

medium 


Commercial laetie and S. faecalis starters 


10464 1 

80 ^ '^.■■"■,'1 

: W'..' ■■: 

medium + 

10464 ; 

: 6Q. . „ , . 

1397 

1 sharp — 

10468 1 

, .50' . ... 

333 

medium 

10468 

■V,; . 60' '■ 1 

1049 

medium + 


1 S. faecaUs starter 


"10464 

I' " 

170 

medium 

10464 

/ ' :'v ,60 .. 

830 

sharp — 

10468 

1 :■ ■■'50 ' 

■ ■ 122 „ 

medium- 

10468 

■60'^ 

■.■■•■ ■■■■30,2''/^ ■ 

medium 4- 

1 , ■■ ■ ,■■ 


and the most pronounced Cheddar flavor. The clxeese witir 
starter alone contained 356 y of tyramine per g. Very little tyramine was 
produced in cheese made from pasteurized market milk with ordinary lactic 
starter, whei’eas S. fascalis startei’ produced large amounts of tyramine. 
It may be observed also that there is an associated action, between the two 
starters, which results in the production of more tyramine and slightly more 
flavor than obtained by 8, fmcalis alone. The acceleration of tyramine 
production at 60° F. as compared with 50° F. may be noted, and will be 
considered further in a subsequent paper. 
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Some variation in the exact relationship was' noted in individual 
samples, but the intensity of the flavor of Cheddar cheese increased as the 
tyramine content increased (fig. 1). The trend line, drawn empirically, 
not only shows the trend but also, with one exception, divides the figure so 
that all samples of cheese above the line were cured at 50° F. and those 
below the line at 60° F. This observation means that the rate of flavor 


1000 


O RIPENED AT 50‘F. 
« RIPENED AT 60* F. 


MILD MILD+ MEDIUM- MEDIUM MEDIUM+ SHARP-SHARP 

INTENSITY OF CHEDDAR FLAVOR 

Fig* 1. The relationship between tyramine content and intensity of flavor of 
experimental Cheddar cheese made with commercial lactic and S* faecalis starters. 
(Eipened about 5 months.) 

development at 60^ F. was relatively more rapid than the increase in tyra- 
mine when compared with the rate of increases at 50"^ F. 

The data on the 24 samples of commercial Cheddar cheese and one 
sample of old cheese made at Cornell University are presented in tables 2 
and 3. The cheeses were grouped into units of five on the basis of flavor 
intensities; thus numbers 1 to 5 included the five sharpest flavored cheese 
in the experiment (table 4). There were fifteen raw milk cheese, six 
made from pasteurized milk and four were underpasteurized (table 2). 
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Altlioiigli cheese must be aged to develop flavor^ the relationship he tween 
age and intensity of flavor was not very, exact. The cheese that was 120 
months old was highest in flavor, but a 6-month>old cheese was the mildest 
in flavor, being less cured than some cheese only 1.5 inoiiths old (table 2), 
The summarized data show that the ten strongest flavored cheese were old- 
est, but the next 15 cheese were rather uniform in age (table 4). 

It is known that the pH of cheese increases with age. Apparently varia- 
tions in individual cheese exceeded the effect of aging upon pH or any pos- 
sible relationship of intensity of flavor to pH (tables 2 and 4). The average 
pH was near 5,2, the highest flavored group averaged 5.5, and the pH of all 
samples varied from 5.03 to 5.70. The titratable acidity varied from 1.71 
for the mildest flavored cheese to 4,87 for that with the strongest flavor. 

TABLE 4 


The agCj acidity, soluble protein, and tyrmiine eontent of coinmereial Amerwan 
Cheddar cheese grouped in nnUs of 5 on the hasis of flavor intensity 


■ 1 

f — 





% of 


Order of 
flavor 
intensity 

Age in 
months 

pH 

Titra- 

table 

acidity 

Volatile 

acids 

% 

soluble 

protein 

total 
protein 
that is 

Tyra- 

mine 






1 soluble 






{ml. 0.1 N 
acid/ 100 g.) : 


' , ' ■ 1 


5 

44.1 

5.51 

3.49 

63.7 i 

11.0 

43.6 

1258 

6-10 

14.6 

5.25 

2.97 

35.0 i 

8.5 i 

' 33.1 

598 

11-15 

6.1 

5.24 J 

2.49 

33.6 

6.0 

24.3 

226 

36-20 1 

4.6 

''5.14 . 

2.26 

■ - 22.4: 

4.9 

22.9 

115 

21-25 

0.2 

5.27 

1.96 

18,8 

4.4 

19.8 

54 


The higher the titratable acidity of cheese, the more intense the 
cheese flavor (table 4); even the results on individuar samples of cheese 
were noticeably consistent. There was no striking exception to this general 
relationship (table 2). 

No significance was attached to the moisture coutents, which varied from 
29.8 to 39.0 per cent, and to the salt contents, which varied from 1.2 to 2.0 
per-cent. . 

Although previous studies by the authors (3) had established no definite 
relationship between the intensity of flavor of Cheddar cheese and volatile 
acidity or water soluble protein, this work was repeated in this study. In 
a general way, in average grouped data, the volatile acidity and soluble 
protein values increase with increased flavor (table 4), but this relation- 
ship does not hold for individual samples (table 3). For example, the 
cheese wth the fourth sharpest flavor and the cheese that was twenty-third 
in flavor intensity both had volatile acids per 100 g*.' equivalent to 24,9 ml. 
0.1 N alkali. The volatile acidity ranged from 16.2 to 173.3. The soluble 
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protein varied from 3.0 to 12.6 per cent, and the percentage of the total 
protein that was water soluble varied from 13,3 to 57.3 per cent, with 
noticeable exceptions to a definite correlation to flavor intensity in individ- 
ual samples. 

The data show a definite relationship of increased tyramiiie content 
and increased flavor. In the individual samples of cheese, the strong- 
est flavored Cheddar cheese contained 2,330 y of tyramine per g*., and the 
twenty-flfth cheese in flavor intensity, the mildest of all flavors, had only 
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INTENSITY OF CHEDDAR FLAVOR 

Pig. 2. The relationsliip between tyramine content and intensity of flavor of coni' 
mcreial American Cheddar cheese. 

25 y of tyi'amine (table 3) . The tyramine ratio of these cheeses was 93 to 1. 
A close relationship bet%veen the tyramine content and intensity of flavor 
of individital samples of cheese is shown in figure 2. When one considers 
that there was no control over the quality of milk, method of manufacture, 
starter, time and temperature of ripening, and other factors of possible 
significance, the relationship is exceptionally good. The relationship be- 
tween the tyramine contetit and flavor intensity was a direct semilogarithmic 
one. On the basis of groups of cheese as units of five in order of flavor 
intensity, the gamma of t3Tamine per gram -was doubled for each group 
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(table 4). Tyramiiie addea to fresh cheese eiird did not give Ciieddar 
cheese flavor and it did not aid the development of flavor during ripening. 

The total bacterial counts on the cheese were made with staiidard tryp- 
toiie-glucose-extract-millv agar, bnt the plates were incubated at C. for 
4 days to obtain maximum counts. The total bacterial counts per gram of 
cheese ranged from 1 million to 623 million. Counts also were made with 
the penicilliinazide medium of ’White and Sherman (13) and these eounts, 
considered to be chiefly enterocoeei, ranged from less than lOihOOO to 265 
million. From each plate count for enteroeoeci, 20 eolonies were isohited 
and the number of 8. faecoMs determined, except for the possibility of con- 
fusion with Streptocoemis ^zymogenes, which is not eominon in milk. The 
8, faecalis count was calculated from the proportion of the colonies which 
proved to be S. /a-ecafe. The 8. faecalis count varied from less than 2(),0()0 
to 159 million per aiid 8. faecaUs was isolated from 18 of the 25 

samples of cheese. There appeared to be no correlation between bac- 
terial counts and flavor intensity, and this observation was expected and in 
accordance with several previous publications. 

DISCUSSION 

It has been shown that there is a direct relationship between the tyra- 
mine content of American Cheddar cheese and the intensity of its flavor. 
The correlation was better for good commercial cheese selected at random 
than for experimental cheese made from good pasteurized market milk 
with special cidtures and cured at different temperatures. Tyramine added 
to cheese curd did not give the Cheddar flavor, so tyramine is not the flavor 
compound. The amount of tyramine indicated the extent of activity of 

faecalis and probably^ of other bacteria, such as certain strains of the 
lactobacilli, which possibly may produce tyramine (4, 5). The numbers of 
these bacteria may increase in the early stages of cheese ripening and 
then decrease, so that these numbers at any one time may not be too sig- 
nificant. 

The growth of 8. faecalis in cheese produces Cheddar flavor, but this 
is only one source of flavor. That other factors are involved is indicated 
by the development of some Cheddar flavor in cheese with amounts of tyra- 
mine too small to indicate much growth of 8, faecalis, and by the more 
rapid production of flavor than of tyramine at 60^ F. when compared to 
50° P. Flavor with low tyramine content always was flat, irrespective of 
age of the cheese; 

8. faecalis and lactobacilli should be present in all raw milk Cheddar 
cheese, as these bacteria occur universally in raw milk. Both types of 
bacteria are involved in cheese ripening. 8^ faecalis is thernioduric, al- 
though survival numbers are not great, and about half of the lactobacilli 
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are not destroyed by pasteurization (12). Hence, pasteurized milk cheese 
cures slowly, as does cheese made from very low-connt raw milk. The sur- 
vival of S. faecalis and lactobacilli during pasteurization must . be an ini'- 
portant factor in present day curing of pasteurized milk cheese. The small 
numbers of these bacteria are increased by warmer curing temperatures. 

It was reported in the first paper in this series (3) that cheese made 
with lactic and /accalis starters developed more flavor than cheese made 
with either starter alone, and that the flavor with lactic starter only was 
especially mild. This ohseiwation was related directly to the production of 
tyramine. Lactic and S. faecalis starters together produced more tyramine 
in cheese than did faecalis starter alone, even though the numbers of 
8. faecalis hB^cieria were greater in the cheese in which this culture alone wa>s 
used, probably due to the larger inoculation in the milk. The lactic starter 
induced higher flavor development in cheese by its symbiotic action with 
8> faecalis. 


mm 
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SUMMARY 

Experimental American Cheddar cheese made wdth commercial tactic 
starter from pasteurized milk developed low amounts of tyramine, 4 to 
87 y per g., and flavor of mild to medium intensity in 5 months of curing. 
The combination of lactic and Strei^tococctis fa€cali<i starters in cheese pro- 
duced the largest amounts of tyramine, 333 to 1,397 y per gram, and flavor 
of medium to sharj^ intensity. S. faecalis starter alone in cheese produced 
tyramine and flavor between these two extremes. 

In commercial American Cheddar cheese made from raw and pasteur- 
ized milk, cured for varying periods, there was a direct seinilogarithmic 
relationship between tyramine content (25 to 2,330 y per g.) and the inten- 
sity of flavor. Of the 25 cheese samples, 18 gave plate counts on the special 
medium of over 80,000 8. faecalis per g., with the high count of 159 million. 
The 8 . faecalis bacteria produced the tyramine, although other bacteria 
may contribute. 

Ih^amine was not the Cheddar-flavor compound, but served as a means 
of measuring bacterial activity that accentuated flavor productiom The 
activity of bacteria x>roducing tyramine did not aecoimt for all cheese flavor. 

* The increase in titratable acidity was related directly to cheese flavor 
intensity, and this relationship, even though subject to considerable varia- 
tion, was too close in individual samples to be accidental. In a general 
way, the increase in volatile fatty acids and watei^ soluble nitrogen was 
related to flavor intensity, but variations in individual samples prevented 
a definite correlation and also established that these changes -were incidental 
to flavor development. 
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DETERMINATION OP VITAMIN A IN MILK^ 

MELVIN HOCHBEEG 

Vitamin Products Laboratory j Nopco Chemical Company ^ Earriso7if New Jersey 

Milk is an important natural source of dietary vitamin A. Recent 
interest in the enrichment of milk has emphasized the need for a simple 
and reliable method of assay for control purposes. Attempts to determine 
preformed yitamin A in milk in this laboratory by several methods found 
in the literature have been unsuccessfuL These procedures, although 
reliable for other types of products, gave low recoveries (approximately 
80 per cent of the theoretical) of the added vitamin. In these tests the 
milk was enriched with a vitamin A emulsion similar in composition to 
milk itself,^ The low^ values may be attributed to a eonibination of causes, 
including destruction of the vitamin during hot saponification, inadequate 
cold saponification, loss due to adsorption on the milk protein, inefficient 
extraction, or failure to take into account the effect of inhibitoi's in the 
antimony trichloride reaction. 

In the present study, vitamin A in milk is determined quantitatively by 
a method which involves cold saponification with potassium hydroxide, 
extraction of the vitamin with diethyl ether, evaporation of the solvent, and 
solution of the residue in chloroform,*^ The vitamin then is allowed to 
react with antimony trichloride and the resulting blue color meavSured in 
an Evelyn photoelectric colorimeter. The effect of compounds which in- 
hibit the color formation is evaluated by means of an internal standard. 

The importance of adequate, cold saponification in the analysis of milk 
for vitamin A has been recognized by other investigators (1). The use of 
the internal standard has been described (5) and has received considerable 
attention in the development of analytical procedures for the determina- 
tion of vitamin A in enriched margarine. 

METHOD 

Reagents . 

Aldehyde- free alcoJioL Reflux 1 1. of 95 per cent ethyl alcohol -with 10 g. 
of potassium hydroxide on a >steain bath for 5 hours and then cool Add 
0.5 g.. granulated aluminum and distill on a steam bath. Prepare fresh 
each month. 

Received for publication tTaniiary 29, 1948. 

^ Contribution from the Yitex Department, Vitamin Division, Nopeo Chemical Com- 
pany, Harrison, New Jersey. ' 

2 The concentrate used for enrichment consisted of a butter oil solution of vitamin 
A, homogenized with water and skim milk solids. 

®The saponiheation, extraction, evaporation, and washing steps are essentially tliose 
employed in the laboratory of the Wisconsin Alumni Research Pounclation. The details 
of the method were kindly supplied by Dr. Carl H. Krieger. 
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Siam hydi-oxide m 40 ml. of distilled watei. amiaiony trichloride 

A„l»o»9 iMlorkle reagent. Gnnd 2o0 g. ot 
irith 250 g. of anhydromt sodium sdfate. f^^lSy to ”" lutes, 
ml. of freshly reastilled chloroform, stir ^stoppered 

filter through rapid paper, and store in turbid, *lter 

amber bottle. The reagent is stable for at least 1 mouth. 

again immediately before use. .a,.ri "sna cp of sodium chloride 

Saturated sodium cJiloride sohdion. Suspend 800 g. of sou urn ^ 
i. 5oO -1 of .water, stir mechanically for 15 minutes and allow to stand 

overmght to assure^ 

ClZroform. Distill C.P. grade diloroform freshly each day discarding 

the first 10 per cent of the chstillate.^ ^ ^ Reference 

Vi'inmin A. standavd. Dissolve .100 mg. ot U-b • • _ 

1 A . 100 ml. of freshly redistilled 

Standard (10,000 U.b.P. units per Sd . j ^ 

chloroform. This solution contains 10 IJ.S.l . units oi 

and is prepared fresh each day. 

Acetic a 7 ihyd.ride. Dse C.P. grade. 

Special Apparatus 

Separatory fttmids. Three 500-ml. pear-shaped separatory funnels 

E^Syf photoelectrk colorimeter {macro) with matcUd colorimeter 
n. to! Jhis instrument is manufactured by the Rubicon Company, Ihila- 

"bcpM Thit m.y be prepared by cutting the tip tom 

a 10-nfl. volumetric pipette, leaving an opening about 2 mm. m diamttei. 
Tlie pipette need not be recalibrated, 

Trocediirc 

To 100 ml. of milk in an amber Erleumeyer flask are added 60 ml. of 
aldehyde-free alcohol and 10 ml. of 60 per cent potassium hydroxide. The 
suspension is mixed and allowed to stand overnight m a daih cabinet. In 
Zlrning the sample is transferred to 

funnel. The flask is washed consecutively with 40-, 40-, and 20-ml. poi- 
tions of distiUed water and once with 100 ml. of redistilled ether. c 
washings are added to the separatory funnel. The latter is shaken thor- 
ou°-hly and then allowed to stand until a sharp separation of the phases is 

'’‘Occasionally -samples of ehlorofom are obtained which are nusiitisfactory as 

solvents for vitamin A. The vitamin standard solution m chloroform should show less 
than 6% decomposition, when, stored for 24 hours in the dark. 
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ob>serve(i The lower layer is drawn off into a second separatory funnel. 
This is shaken with 75 ml. of ether. After the phases have separated, the 
lower (aqueous) layer is drawn off into a third separatory funnel. The 
ether layer is added to the extract in the first funnel, along with a 25-mL 
ether wash. The aqueous phase is re-extraeted twdce more with 75- and 50- 
ml. portions of ether, respectively. The ether phases all are combined in 
the first separatory funnel and are washed four times with 100-mh portions 
of distilled water. To q^revent the formation of emulsions, the first two 
w-ashings merely are poured through the ether, without shaking, and then 
drawn off. The funnel is shaken gently during the third washing and 
vigorously during the fourth. Sufficient time for complete separation of 
the phases must be allow-ed at all times. Finally, the ether extract is wmshed 
twice with 75-niL portions of saturated sodium chloride solution, shaking 
vigorously each time. The last salt solution is separated sharply from the 
ether phase. 

The ether extract is transferred to a 500-ml. amber distilling flask con- 
taining two or three glass beads. The separatory funnel is rinsed with 
25 ml. of redistilled ether and the w^ash added to the flask. The ether is 
removed by distillation on a steam bath until approximately 5 ml. remain 
in the flask. The remainder is evaporated off at room temperature with 
the aitl of a stream of carbon dioxide. ‘While still under the inert atmos- 
phere, the vitamin A in the residue is dissolved immediately in sufficient 
chloroform to produce a coneentration of approximately 10 U,S.P. units 
per mi. 

Into a series of labeled Evelyn colorimeter tubes in a wooden rack are 
pipetted 2 ml of chloroform solvent (tube A), 1 ml, of chloroform extract 
of sample + 1 ml. of chloroform solvent (tube B), and 1 ml, of chloroform 
extract of sample +1 ml. of chloroform solution of vitamin A standard 
(tube C). 

To tube Ay one drop of acetic anhydride is added, followed by 10 
ml of antimony trichloride reagent, the latter from the I'apid delivery 
pipette."^ The colorimeter, containing a 620 mp. filter, then is set at 100 per 
cent transmission with the solution in tube A. The tube is i^emoved and 
the ‘^center setting noted. The latter is employed to reset the instrument 
before each subsequent reading. 

Tube B is placed in the instrument, one drop of acetic anliydride is 
added, and 10 ml of antimony trichloride reagent are added rapidly. 
The galvanometer needle first fluctuates rapidly, pauses'’ for a second or 
two, then drifts slowly as the blue color fades. The per cent transmission 
at the pause point is recorded. Tube C is measured similarly. 

^'Because antimony trichloride solntion is extremely sensitive to moisture and is 
corrosive, it must be pipetted with a rubber bulb, not by mouth. 
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Because of difficulty in observing the pause point and in order to obtain 
reliable results, tubes B and C are set xip and measured in triplicate, and 
the average per cent transmission of each determined. The latter (G) is 
converted to photometric density (B = 2“log G), employing the chart 
provided with the instrument. The vitamin A content of the milk sample 
is caleulated employing the formula : 

L y 

r — < = IJ.S.P. units of vitamiii per quart. 

La — Lb lUu 

= ce. of chloroform solution of unsaponifiable extract) 

EXPERIMEiVTAL RESULTS AXTD DISCUSSION 

The colorimetric method as described by Oser et al, (5) has been em- 
ployed successfully in these and other lalnmatories foi* the determiiiatioii 

TABLE 1 


Mccovery tcMa of viiamin A added to milh, em-ploying 
Ijn-vlously published procedures (i, 


Procedure 

Atilk sample 

Vitamin A 
added 

Total vita- 
min A found 

Vitamin A 
recovered ■ 



(USP units per gt.) 


Boyer etal, (1) 

Jail, mllic, 

0 

060 




homogenized 

2000 

2560 

1600 

1 ■' 80 



4000 

3970 

3010 

75 



6000 

6190 

5230 

87 


Oct. milk. 

0 

1020 


...... 


eream-iine 

4000 

4270 

3250 

81 

Oser ei at (5) 

! Oct. milk, 

0 

1510 


. 

■ 


homogenized ' 

4000 

4800 

3290 

83 


Oct, milk, 1 

0 

1420 


1 

■I 

homogenized | 

4000 

4700 

3280 

1 82 


Oct. milk. 

0 

1320 


i 


erea in-line 

4000 

4580 

3260 

82 


Oct. milk, 

0 

1200 




homogenized 

4001) 

4400 

3200, 

SO 


» For each recovery test, the vitamin was added directly to the milk immediately 
before the analysis and the enriched sample was carried through the entire determina- 
tion. The concentrate employed for enrichment, consisted of a solution of vitamin A 
esters in butter oil, hoxnogenized wdth "wiiter and skim milk solids. 

of vitamin A in a wide variety of food products. Boyer et al, (1) have 
applied the antimony trichloride reaction to the analysis of milk. The 
recent interest in the enrichment of milk with vitamin A prompted an 
'“examination of the reliability of these procedures. The results of these 
tests are presented in table 1, Milk samples Avere enriched with vitamin 
A at the levels indicated, employing a concentrate similar in composition 
to milk itself. This eoneentrate consisted of a solution of vitamin A 
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esters in butter oil, iioiuogenized witb water and skim milk solids, and 
contained 30,000 U.S*P. units per ml. The blank and enriched samplevS 
were analyzed immediately according to the published procedures. Ap- 
proximately 80 per cent of the added vitamin was recovered in each ease. 
Because of the physical nature of milk, the complete extraction of its fat- 
soluble constituents is particularly difficult. Therefore, it is not surprising 
that the determination of vitamin A in milk requires a special technique. 
Similar recovery tests, employing the procedure described in the present 

TABLETS 

Mecoiwry tests of vitamin A added to millc employing present procedvre^ 


Milk sample 

Vitamin A added 

! Total vitamin A found 

Vitamin A recovered 


(USP units per qt.) 

01 1310 


(%) 

A 

2000 

3270 

1960 

98 

Oct. milk, 

4000 

5500 

1 4190 

105 

homogenized 

6000 

6970 

5660 

94 

B 

Oct. milk, 

0 

I 1200 



cream-line 

' 0 

4000 

5250 

■ ; "'1 

4050 

101 

j, ■ 

Oct. milk, 

0 

loro 1 



cream -line 

4000 

4970 

3900 

1 98 

I> 





Jan. milk, 

0 

S30 



homogenized 

4000 

4830 

4000 

100 

Jan. milk, 

0 i 

920 



cream-line 

4000 I 

4950 

4030 

101 


For each recoverj test, the vitamin was added directly to the niilk iminediately 
before the analysis and the enriched sample was carried through the entire determina- 
tion. The concentrate emjdoyed for enrichment consisted of a solution of vitamin A 
esters in blitter oil, homogenized with water and skim milk solids. 

paper, are reported in table 2. Eeeovery values ranged from 94 to 105 
per cent, with an average of 99.6 per cent. 

The use of an internal standard in the determination of vitamin. A 
decreases the precision of the anatysis. Therefore, some investigators have 
employed a reference curve, obtained with pure solutions, to calculate 
their results or, since the reaction obeys Beer's law, an external standard 
of 10 U.S.P. units. The data employed in calculating the results reported 
in table 2 demonstrate the importance of the internal standard or incre- 
ment. These data are presented in table 3. In a given test extract, the 
photometric density has been found to be proportional to the vitamin A 
content. However, biological materials contain substances which inhibit 
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the reaction, and the constant of pinportionality is not the same in all 
extracts. Thus in sample A, the increments clue to 10 units of added 
vitamin A were 0.184, 0.174, 0.173 and 0.180, respectively, in the four solu- 
tions tested. Employing the same reagents at the same time, 10 units of 
vitamin A in pure ehloi'oform gave a photometric density of 0.201. Thus, 
the use of a reference curve in ealculating the vitamin A content of the above 
samples would give values erroneously low by approximately 13 per cent. 
Samples B and G likewise required the internal standard. On the other 
hand, either method of caleulation could be employed with D and U. The 

TABLE 3 

Importaiiee of the internal r^tandard 


Photometric density 


iVLilit 

sample 

Vitamin A added 

Tal;)e B 

TubeG 

Internal 

standard^ 

External 

standard^ 


{USF unitn per qt.) 

0 

0.102 

0.286 

0.184 

0.201 

A 

2000 

0.240 

0.414 

0.174 

0.201 


4000 

0.201 

0.374 

0.173 

0.201 


0000 

G.177 

0.357 

O.ISO 

0.201 

B 

0 

0.047 

0.233 

0.186 

0.199 


4000 

0.184 

0.362 

0.178 

0.199 

0 

0 

0.043 

0.233 

0.190 i 

0.204 


4000 

0.182 

0.364 

0.182 

0.204 . 

J> 

0 

0.036 

0.24’0 

0.204 ! 

0.204 


4000 

0.189 

0.387 : 

; 0,198 

0.204 

E 

0 

0.039 

0.238 

0.199 

0.204 


4000 

0.184 

0.387 

0.203 

0,204 


a Photometric density due to the reaction of antimony trichloride -with 10 XJSP 
units of vitamin A added to the chloroform solution of the unsap onifiable extract of 
the milk sample. 

t) Photometric density duo to the reaction of antimony trichloride with 10 URP 
units of vitamin A in chloroform. 

importance of the internal standard also has been established in the deter- 
mination of niacin (4) and pyridoxine (3). 

If the total vitamin A content of unenriched milk is of interest, 
carotene should be determined in the extract by carefully evaporating off 
the ethyl ether, taking up the residue in petroleum ether, and fractionating 
the pigments with diacetone alcohol (2). As much as one-fourth of the 
total vitamin A potency of unenriehed milk is due to carotene, although 
in the ease of summer milk from Guernsey cows, almost 50 per cent may be 
present as the provitamin (1). In milk enriched with preformed vitamin 
A, these projiortions are eonsidei-ably smaller. 




I 







Though carotene reacts with antimony trichloride to fox'm a blue pig- 
ment, this does not interfere appreciably in the determination of the pre- 
formed yitamin because of differences in the rates and sensitivities of the 
two x’eactions. The photometric density at 620 m^i due to one U.S.P. unit 
of ^-carotene is only one-twelfth that due to one U.S,P. unit of preformed 
vitamin A 4 seconds after the addition of antimonv trichloride reaejent 
(5). 


1. Vitamin A in milk was deteimiined quantitatively by cold saponi- 
lication with potassium hydroxide, extraction wth diethyl ether, evapora- 
tion of the solvent, and solution of the residue in chloroform. The blue 
color formed by reaction with antimony trichloride was ineasiued in ^a 
photoelectric eoioiameter. 

2. Theoretical I'eeoveries of added vitamin A were obtained. The coxi- 
eeiitrate employed was a solution of vitamin A in butter oil, homogenized 
with water and skim milk solids. Tw’o other procedures for the determina- 
tion of vitamin A gave recoveries of only 80 j)er cent. 

3. Colorimetric evaluation of the vitamin A content of the final extract 
included the use of an internal standard. Calculations based upon a refer- 
ence curve obtained in pnre solutions gave low I'eeovery values in some 
samples. 
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THE EFFECT OF CLIPPING THE UDDERS OP COWS 
ON THE (^JUALITY OP MILE 

E. W. HIED, TULY EBITEB, K. G. WECKBL, and N. N. ALLEN 

Unhwrsiti/ of Wiscorm^ 

The effect of clippiBg of udders of cows upon the (quality of milk 
has been the subject of original stuclj of but a few^ iiiYestigators (2, 3). 
The information available, though brief, indicates benefit from the prac- 
tice. Among milk producers and quality supervisors there seems to be 
varied opinion as to the benefit of the clipping of udders. In view of the 
increasing emphasis on the methods for obtaining milk of good quality, 
a study was made of the effect of clipping of udders and adjacent areas 
on certain ciuality properties of milk. 

EXPERIAIENTAL PROCEDURE 

Mandling of Cows, The experiment was divided into four periods as 
follows: (a) Control period, milking by machine. November 20 to Decem- 
ber 2, 1946. (b) Second period, milking by machine, December 3, 1946, 
to January 30, 1947. (c) Third period, milking by hand. February 6 to 
March 26, 1947. (d) Fourth period, milking by machine. March 26 to 
April 4, 1947. In the control period, prior to clipping any of the animals, 
the numbers of bacteria in the milk of the individual cows milked by 
machine were determined. For the second period, alternate cows, as they 
stood in line, were clipped. The animals w^ere reclipped during the third 
period. The clipped area wms posterior to a line from the pinbones to the 
navel, including thighs, flanks, and udder, and the tail except for the 
switch. The area clipped is illustrated in figure 1. As they freshened 
and were introduced in the milking line, alternate cow^s were clipped. 

The conditions in the barn were comparable to those usually found in a 
city fluid milk area. Wood shavings were used liberally for bedding, but 
not in excess. The cows Avere groomed once daily, usually during the 
morning but not immediately before the milkings. The night^s accumu- 
lation of manure was in the gutters at the time of the morning milking. 
The cows seldom were soiled at milking time to a degree greater than that 
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of having’ loose bedding and dirt clinging to the body. The iierd was ke])t 
indoors without access to an exercise yard. 

Treatment of millmig utensils. All utensils used in this experiment 
were new. Prior to^each period of use, four disassembled milking machine 
units, excluding the pails, were sterilized in a steam autoclave. The 
stainless steel machine pails and milk cans were jet steamed for a period 
of 3 minutes, then filled with a solution of 200 p.p.m. available clilurine for 
1 hour, drained, and covered with parchment paper. Tlie units then were 
assembled and immersed in a solution containing 200 p.p.m. of chlorine. 



Two gallons of sterile distilled water added in three portions was used to 
rinse the ehloiune from one of the machine pails chosen at randoim The 


Fig. 1. One of the coavs used in tlie experiment, showing the area clipped. 

machine head then ivas adjusted and another 2 gallons of sterile distilled 
water drawn through the teat cup assembly and into the pail. The average 
bacteria count per mh of the rinse water was ascertained to be 2 in the 
evening and 1 in the morning tests. 

Just before milking, the udder of each cow was wiped with an indi- 
vidual cloth previously immersed in a warm solution of 200 p.p.m. avail- 
able chlorine. The cows were fore-milked into a strip cup, and thivS milk 
was discarded. The sterilized machine unit was attached with special care 
to avoid contamination. The- cows wei^e machine stripped. The intact 
milking unit was taken immediately into the milk house for sampling and 
weighing the milk. The milk then was carefully transferred to identified 
sterile covered 10-gallon cans. The milk was not strained. The machine 
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was partially dismantled and all parts wliieli came in contact with milk 
were rinsed twice in warm tap water, follow^ed by an immersion rinse in 
a solution containing 200 p.p.m. available chlorine. The reassembled unit 
then was returned for immediate use on other animals. Terminating each 
milking period, the machines were water rinsed, completely disassembled, 
washed and scrubbed, rinsed in hot water, and stored on racks for later 
milking periods. 

For hand milking, open-top oval dairy pails were sterilized, as were 
the milking machine pails. The cowsV udders were wiped in the same 
manner as when machine milked. The six milkers immersed their hands 
ill a solution containing 200 p.p.m, chlorine prior to each milking, after 
which they touched nothing except the cows^ teats until each milking 
assignment was completed. The milking stools ivere handled for the 
milkers by assistants. To obtain balanced results, the milkers alternated 
at random between clipped and non-clipped eoivs. The milk obtained by 
hand milking of each cow w^as immediately transferred to the milk house 
for sampling. 

Milk samplmg procedures. The following procedui'es ivei’e used for 
bacteriological analysis of the milk: (a) A sample from each pail of 
milk from each cow was obtained inmiediately after it was conveyed to 
the milk hoiise. (b) Separate (mmposite samples of the milk from, the 
clipped and non-clipped cows, respectively, w^ere taken immediately from 
each 10~gallon can filled during the milkings, (c) Separate composite sam- 
ples and off-the-bottom sediment tests of the milk from the clipped and 
non-clipped cows were taken from each can at the time the milk was 
delivered to the dairy plant. 

The samples of milk, transferred by means of a sterile glass tube thief 
to sterile screw cap bottles, immediately were placed in ice water and so 
kept until the bacteriological tests were undertaken, regiilaiiy within 
60 minutes. The filled milk cans were stored in a ■water immersion refriger- 
ator at 33 and 34^ F. The milk in cans Avas held niitil approximately 7 :00 
a.m,, when it Avas tinicked to the dairy plant, a distance of approximately 
0.25 mile (milkings Avere begun at 3:30 a.m. and p.m.). 

Methods of testmg, Standaxxl bacteria plate eouiit estimates of the 
milk wei*e made as described in Standard Methods for the Examination 
of Dairy Products, 8th Edition (1). The xeew milk samples Avere plated 
in duplicate at dilutions of one in ten. Samples pasteurized in the labora- 
tory Avere plated Avithout dilution. The milk Avas pasteurized at 143° F. 
in a thermo controlled bath for 30 minutes, using 5-ml. portions and a 
blank open tube for thermometer observation. All counts are reported 
as bacteria per ml. 

The presence of extraneous material in the milk Avas determined by 
use of a Langsenkamp-Wlieeler off-tlie-bottom sediment tester which Avith- 
drew a 1-pint sample fronl each 10-gallon can of composited milk. 
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RESULTS 

In table 1 are presented the bacteria counts of the milk (weighted 
arithmetic averages) from those cows which w’cre milked throiigliout the 
first and the second periods. In the first or control period, all udders were 
undipped; in the second period, udders of alternate cows were clipped. 
The average count per ml, of the milk from those cows not clipped was 
determined as 1,308 in the control period and 1,869 per ml. in the second 

TABLE 1 


Weighted arithmetic average count per ml. of sampJe^i of milk taken from individual milk- 
inga obtained bg maehvne during preliminary period and after cMpping part of 


TrerUment «fter ! 

No. of 

Prior to clipping 1 

1 iivij cows ! 

After clipping 

1 part of the cows 

pn^liininary period 

cows 

No. of 
samples 

Av. coniit 
per ml. 

No. of ; 
samples 

Av. count 
p<?v ml. 

ITncUppod 

10 

19 ' 

3308 

84 

3809 

Clipped 

13 

22 1 

1029 

. '92' 

3397 


period. The count per ml. of the milk from coavs snhvsequently dipped 
decreased from the control period average of 1,629 to 1,397. Since, during 
the second period, the average count of milk from the cows remaining 
undipped increased, Avhile that of the milk from the cows dipped decreased, 
the apparent overfall difference in numbers of organisms in the milk 
appears to indicate beneficial effects of dipping. 

In table 2 are presented the weighted arithmetic averages of the counts 
per ml, of milk from coavs duringx the second period, when milked by 
machine, and during the third period, Avhexi milked by hand. The results 
are presented on the basis of both morning and evening milkings. The 
number of coavs involved in this analysis varied due to drying-off and 

TABLE 2 


Weig'hleil arithmeiia average count per mh of samples of millc 
taken from indhudual mill'lngs 



i Clipped 1 

TTiiciipped 

Time 

milking 

cows 

V-A: "Of 

samples 

Weighted 
aritlimetie 
av. count 
per ml. 

I:: ''Nd.A, , 

of 

cows 

No. of 
samples i 

: ' ■ ■■ 1 

\Veiglited 
aritlimetie 
av, count 
i per ml. 


Ev^ening 

1 

Machine millced 

1 92 I 1548 1 

23 

1 115 

( 3805 

Morniug 

1 

i 93 1 1375 1 

16 

1 101 

1 3317 

Evening 

1 14 

Hand milked 

I 83 1 877 j 

16 

1* 83 

1 1484 

Morning 

1 14 

1 102 1 830 1 

16 

1 104 

1 1143 





Time of 
milking 


Clipped 

No. of Av. count 

samples per ml. 


UnclixDped 


Machine milked 


Evening 

6 

566 

7 

1250 

Morning 

^8 , 

771 

8 

1000 


freshening. In addition to these natural causes, some samples were omitted 
because of explainable coiitainiiiation, such as dropping of teat cups into 
the bedding, cows kicking into milk pails during hand milking, and 
sudden evidence of mastitis. The results show that the average count per 
ml. of the milk obtained by machine milking from clipped cows differed 
but slightly (4.4 per cent more in moniiiig and 2.4 per cent less in evening) 
from that similarly obtained from nnclipped cows. On the other hand, 
the results show that the average counts of the milk obtained by hand 
milking from clipped cows /were less (40.9 per cent for inorning and 28,0 
per cent for evening) than those similarly obtained from undipped cows. 

In table 3 ai’e presented the average counts per ml. of the composite 
samples of milk obtained from filled 10-galloii caiis. The average coim 
per ml. of this milk from the clipped cows was definitely less than that 
from the non-elipped cows. The over-all dilfeiTiice approximated 30 per 
cent. A similar relationship in bacteria numbers of the evening’s milk re- 
frigerated for approximately 14 hours before being sampled also 

CUPPED 

NON- CUPPED ' 
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Fig. 2. Average bacteria count of individual milkings of cows milked by macliin 
iiiinorning. ■ ■ 
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TABLE 3 


No. of 
samples 


Av. count 
per ml. 


Evening 8 

Morning 8 


1590 

1254 


Hand milked 


Weighted arithmetid count ger ml. of composite swmjdes of millc from 
clipped and unclipped groups of cows 









FrequenGif of the grades (Wisconsin Standards) of the tests 
for extraneous material in niUlc 


Machme milMng 

Olipped cows 

UiKilipped cows 
Kand milMng 
Clipped cows 
Unelipped cows .. 


Grades 


1 

2 

■ 

4 

1 

16 

7 

1 


14 

10 

0 



s 

20 



5 

IS 


difference in millvs from clippied or undipped cows could be determined. 
However, the amount of extraneous material in the niillv obtained by 
hand milking was much greater than in that obtained by machine. The 
summary of the tests is tabulated in table 4. 

The udders usually w-ere clean prior to *washing except for loose dirt 
or shavings clinging to the hair. The time spent in washing the udders 
prior to milking did not differ appreciably between the clipped and un- 
dipped cows, This was used as the routine stimulus for let-down of milk, 
and the time spent was more than adequate to deanse the teats and udder 
of all ^dsible dirt. 

DISCUSSION AND SUMMARY 

Tile effect of the dipping of cows upon the quality of milk was deter 
mined by colony plate count and tests for presence of extraneous material. 
The clipping tended to low^er the average bacteria counts per ml. of the 
milk, -whether the milking -was done by machine or by hand. The average 
counts per ml, of the milk obtained by machine from clipped and un- 
dipped cows ^vere 3,042 and 3,458, and by hand 1,643 and 2,996, respec- 
tively. The advantages of dip|)iiig ^vere statistical!}^ significant for the 
milks obtained by hand milking. 
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observed. The counts of the composite samples subsequently liasteurized 
ranged from 3 to 13 per ml. and were so lo\v that no significance could be 
attached to the figures. 

The average eoiints per ml. of the milkings from the clipped and non- 
clipped co-ivs, during the morning and evening milking, for each milking 
period included in the stud}^ are presented in figures 2, 3, 4 and 5. An 
analysis of variance of the data presented in the graphs sliows there is a 
significant difference in the count per ml. of the milks obtained by hand 
milking between the clipped and non-clipped co-ws. The difference in the 
counts per ml. of the milks obtained by macMne milking from clipped 
and non-clipped cows w^as not statistically significant. 

The tests for extraneous materiar present in the milks were conducted 
at the time the milks ^vere delivered to the platform of the plant. No 

TABLE 4 
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The average counts per ml. of the milk obtained by _ machine were 
greater than those of the milk obtained by hand. This might be due to 
the ends of the teats being bathed to some extent by milk during machine 
miUdug, resulting in rinsing of organisms into the milk. hen the milking 
is performed bv hand, the bathing action does not occur. Although the 
average bacteria count per ml. of the milk obtained by machine was 
greater than when obtained by hand, the amount of extraneous maternal 
present was observed to be greater in the milk obtained by hand. le 
. clipping of cows caused no measurable difference in the amount ot exmuie- 
ous material in milk when obtained by either machine or hand milking. 
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STORAGE AND TREATMENT OP MILKING MACHINE 
INPLxVnONS UNDER FARM CONDITIONS^-" 

J. M. JENSEN AND A. L. BOBTEBE 
Michigan State College, East Lansing 

Diflicnlty in producing high quality milk frequently has been attrib- 
uted to using milking machines that were not in the proper state of 
sanitation. Many procedures have been advocated as a means of sanitizing 
the rubber inflations and tubing. Most of these procedures were discussed 
in a previous article (3) in which the authors presented results of a 
laboratory study of rubber inflations for milking machines. The study 
reported; (a) the extent of fat absorption, (b) the extent of storage 
solution absorption, (c) the deteidorating effect of inorganic chlorine, 
and (d) the advantage of boiling rubber parts in lye solution at inter- 
vals as a means of saponifying entrained fat, thus improving their sani- 
tary condition. 

Mailman ei al. (4) recently repoiffed a study in which producers 
used a variety of sanitizers. This study indicated that cationic germicides 
were more effective as sanitizing agents than lye and chlorine, as measured 
by lower total and thermoduric eoxints of milk. 

Dablberg (2) also recently reported results of milking machine sani- 
tizing studies and found high bacterial counts with dry-stored inflations 
and low counts and clean tubes with lye solution on rack storage. He 
reported that dry storage following washing and rinsing with cationic 
germicides was not satisfactey. 

Investigation seemed desirable to determine certain storage and treat- 
meui' practices under pi’aetical farm conditions. To this end farm studies 
were made over an extended period on the treatment and storage of rubber 
inflations and tubing of milking machines, studying the physical and 
bacteriological cleanliness of the rubber and the bacterial population of milk 
produced through their use. 

UXPEEJMENTAL PROCEnURE 

Prelimhiary ohservation of iwoclucer methods. Producers of milk from 
one dairy plant were used for this study over an 18-month period. The 
early portion of the study consisted of making inspection of milking 
machines for cleanliness and method employed for storage between use, 
while weekly bacterial counts were made on milk from each producer. 

Received for publication December 10, 1947. 

1 Journal Article no. 919 (n.s.), Micliigan Agricultural Experiment Station. 

2 This study was made possible through a grant from Swift and Oompany, Chicago, 
Illinois, for research in quality milk and cream. 
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During this period certain storage practices were found to give satisfae- 
tory results and others were observed to have some objectionable features 
that deemed them undesirable for rubber storage. The producers having 
generally satisfactory results were those using lye and cationie germicide 
solutions, and dry storage following scalding with very hot water. Ac4d 
solution had no appreciable germicidal property and inorganic ciilorine 
caiised gross deterioration of rubber. This portion of the study was con- 
tinued by making bacterial counts of sterile water rinses of the inspected 
rubber parts and bacterial counts of tlie milk produced through their use. 

Based on these observations, further study was made eomparing dry, 
lye and cationic solution storage under conditions wherein the washing 
procedure employed before their use ■would be the same. Prodiieers oper- 
ating two milking machines each were chosen for this study. Four dif- 
ferent storage treatments were compared: (a) diy storage following the 
regular washing procedure, (b) dry storage followung washing and rinsing, 
after which a subsequent rinse with 1 gallon of 200 p.p.in. eationic gernii- 
cide solution was used, (c) washing followed by solution storage, 200 p.p.m. 
cationie germicide, and (d) solution storage with 0.5 per cent lye solution. 
All milking machines were washeci iising a washing pouvier eonsistiiig 
of anionic synthetic detergent and near-neutral polyphosphate. Lmig tube 
milkers generally Avere washed by a flush AA^asliing procedure, Avliile sliort 
tube milkers generally were washed disassembled. 

Each producer having two milker units Avas asked to follow different 
designated storage procedures on each unit as a means of comparing the 
sanitary conditiozi of the inflations and tubing affected thereby, thus 
eliminating the factor of Avashing effectfoeness, Avhich was assumed to be 
the same for both units. Examinations and bacterial counts A^sere made 
over a period of 5 to 10 Aveeks, the greatest number iiwolving ten AA^eekly 
examinations. 

Bacterial counts of inflations A?ere made from Avater rinses, using 500 
ml. of sterilized water, chilled l>y icing to ice Avater temperature. This 
water "wus emptied into the cups and tubing of long tube milkers while 
supporting these parts in an upright position. After filling, the water 
Avas returned to the Avater jar by discharging thi'ough the rubber tubing. 
Short tube milker inflations AA^ere filled after pinching shut the tubing 
near the oxitlet. Four inflations from each short tub milker unit Avere 
rinsed similarly. The samples again were placed in iced Avater and Avithin 
4 hours AA^ere plated for total count, using standard methods (1). Ther- 
moduric counts of rinse Avater were made by plating the Avater after 
laboratory pasteurization at F. for 30 minutes. 

Weigh-can samples of each producer's milk supply AA^ere taken the day 
after examining inflations. These were plated for total and thermodurie 
count. Examination for physical cleanliness of inflations and tubing Avas 



Prodncer 


Method 

of 

storage^ 


Ko.: 

of 

trials 


BL 

17L 


5.000 

3.000 

4.000 

550.000 

220.000 

650,000 

2,800,000 

1,400,000 


1,300 

1,500 

1,200 

4.600 
2,100 

1.600 
5,600 
5,000 


25.000 

100,000 

40.000 

46.000 

160,000 
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made by scraping tbe inner lining of inflations with a spatula and redding 
the tubing. Evidence of soiling was noted. 

RESULTS 

Use of dry storage ivith and without cationic germicide rinse. Bacterial 
counts resulting from dry storage as obtained from three producers are 
shown in table 1. A survey of bacterial counts of inflations shows no im- 
portant improvement in sanitation when 200 p.p.ni. cationic germicide 
solutions were used for rinsing following ivashing. This was true when 
high bacterial counts A¥ere obtained •with producers 3L and 17L, as W' ell as 
when low counts were secured by producer 36If, whose lo^v counts were 
attributed to rinsing the washed utensils with a liberal quantity of very 

TABLE 1 

Influenoe of cationic rinse on 'baetenal ‘populatimi of riLb'ber inflations 


Bacterial count/mL 


a A = dry, preliminary trials ; B ::i dry j G = dry, cationic germicide rinse. 
L ^ long tube milker. 


hot wmter. Total and thermoduric counts of inflation rinses from pro- 
ducers 3L and ITL were excessively high, and the cationic rinse gave in- 
sufficient germicidal property by this method of application. 

Total and thermoduric counts of milk produced with the inflations also 
are shown in the table. No attempt was made to relate these counts to the 
particular sanitizing treatment applied to inflation assemblies, since it 
was not practical to segregate milk produced by each milker unit. Normally 
low thermoduric counts were obtaiiied from producers 36L and 3 jL, while 
those of 17L were high, as were also the total counts of inflations 
this producer. Averages obscure the conditions that were involved in this 
producer 's counts. These conditions are presented in detail in table 5, 

Dry storage versus storage m caMonic solution. Bacterial counts of 
rubber inflations and tubing secured when comparing dry storage following 
washing with solution storage using 200 p.p.m. cationic germicide solu- 
tion are shown in table 2. 


luilation and tubing 


Total 


Thermoduric 


Total 


Thermoduric 
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Three producers' inaeluiies were observed. The most proiiomieed dif- 
fereuce in results was secured ivith producer IS, for whom cationic solu- 
tion storage results were very satisfactory, with an average count of 
11,000 for the nine trials. The dry storage inflation.?, while similarly 
washed, were excessively high in count, averaging 3,800,000 for the nine 
trials. The extreme dift'erence secured with this producer is accounted 
for by the observation that washing and rinsing were done with medium 
warm water and no attempt was made to .sanitize the dry storage inflations. 

Producers 28 and 26i had low bacteriar counts on both dry and ca- 
tionic solution trials, counts that were markedly loAver tliaii in the pre- 
ceding preliminary trials. Both producers were habitually careful about 
cleaning their milkers and Avere diseOA-ered to be some A\diat reluctant to 


TABLK 2 

Infimncv of cationic aolntion stomcfc on. bactnial populalion of rubber infidtkmti 


Producer 

Method 

of 

storage^! 

No. 

of 

trials 

ISh 

■■ ,A 

9 

. 

P> 

9 


0 



A 

■ 7 1 


B 

.10 


0 

10 

26L 

r A ■■ 

7' ■ 


i -, ' ■ B:, 

j \ .(f ' 


i 

' 6 

! ' 


■ ]>aeterial eoiuit/inl. 


lufiation 

aud tubing 

Milk 

Total 

Thermoduric 

Total 

Thcaanodurie 

] 7(1,000 

3,100 

;•!!>, 000 

700 

8,800,000 

11,000 

4.700 

1.700 

250,000 

5,200 

30,000 

3,000 

35,000 

800 

2,500,. 

; 3.500 

' 1,000 

2,300 

11,000 

500 

58,000 

1,900 

230,000 

1,300 

i;-]oo 

! 500 

i 

700 

500 

830,000 

900 


a A = di 7 , preliminary trials ; B = dry ; C = cationic solution, 
b S = short tube milker j L - long tube milker, 

use sanitizing solution storage. They therefore were eoneerned about having 
the dry storage inflations as bacteria-free as those stox’ed with eationie 
solution and used very hot water for sanitizing following washing. 

All of the machines in table 2 were washed disassembled. Machines 
and inflations of producers 2S and 26L always were found in an excellent 
state of cleanliness, while those of IS at times were criticized for being 
slightly slimy in the upper portion of the inflations. 

The conditions of the milking machine tubing and inflations were not 
necessarily reflected in the total bacterial eoniits of the milk. High bac- 
terial counts were obtained in milk samples from producer 26L^ in spite 
of his use of clean and well sanitized inflations and tubing. The high counts 
were attributed to delayed and inadequate cooling caused by the milk 
house being located near the farm residence across a highway from the 
barn. Also, this producer had more milk than could be accommodated in 
Ms cooling tank. However, there was considerable increase in thermoduric 
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count on the milk in samples from producer IS when the milker inflation 
total counts were high. 

Trials comparing solution storage using 0.5 per cent lye and 200 p.p.in. 
cationic germicide are shown by bacteriar counts listed in table 3. Mo>st 
apparent is a reduction of bacterial count when solution storage was used, 
in contrast to the situation when dry storage was employed by the various 
producers during the preliminary trials. 

When long tube milkers requiring solution racks were used for storage 
of inflations and tubing, as sho-wn by producers 5Z^ 15L,, 23i;, and 59£ 

TABLE 3 

Influence of cai:iomc soiiUtion and lye solution stom^ on hacterial 
poinilaUon 0 

Bacterial eomit/ml. 

Method' .No. — — — : ^ ^ ^ — 

Producer of of Inflation and tubing Milk 

sto.rage‘1 trials — — ^ ___ 

Total Tliermoduric Total Thermoduric 


Producer 

Method 

of 

storage‘1 

No. - 
of 

trials - 

5.L 

^ A 

11 


B 



0 

9 

9L 

B 

6 


G 

6 

15L 

' A.. - 

, IT ]: 


B 

9 


C 

^ : 

23L 

A' j 

11 


. B' . ■■■■' ■ 

8 i 


G 

.8 5 

mL 

' A " ■ 

' '8 


B 

9 1 


C 

9 

fUA" 

l)b 

11 


B 

' 9 . 


0 

1 ^ 


9L B 6 5,900 SOO . f 

G; 6 1 6,600 600 '^1,000 600 

15 L A 11 ! 600,000 6,000 0,600 1,000 

B 9 1,400 1,500 innnn rnn 

C 9 1:,400 600 10,000 .000 

23r A 11 140,000 3.500 100,000 

B 8 ! 1,100 '800 „„„„„ 

0 8 i 1,300 500 83,000 900 

59i A 8 j 170,000 13,000 

B 9 7,600 2,800 ,, 

C 9 1,100 600 

618’ Db 11 13,000 4,000 44,000 4,700 

B 9 24,000 1,900 innnn ran 

0 j 9 1,300 SOO 10,000 600 

a A =:dryj preliminary trials; B-lye solution ; G = cationic so 
b D = lye solution, prelimiiia ry trials. 

lye and cationic geinnicidcj solutions were equally eifeetive as sai 
.agents, as indicated by total bacterial counts of rinses. A consistent, 
small, decrease in tliermodnrie lacterial eonuts of rinse samples was 
cured in favor of cationic geiiuieide solution storage over lye solution 
storage. Likewise, there w^as a general rednetion in milk thermoduric 
counts when solution storage was used compared wdth dry storage. One 
exception to this is observed in producer oL. Although the counts on the 
inflations and tubing -were low, this producer was not successful in main- 
taining general physical cleanliness of the rubber parts of his 
Usually spatula scrapings from the inflations gave heavy milk sludge 
deposits. This condition was found to be caused by dipping milk-eoated 
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teat cups ill wanii ehloriiie solution of 200 p.p.m. strejii^lli before inilking 


the next cow, without previously rinsing off the milk in cold water. 8ueii 
a treatment caused a slimy film that was not removed readily during 
washing. 

When inflations were stored in solution jars, as was required of the 
short tube inflations of producer 61S, cationic solution storage was more 
effective than lye as a sanitizing agent. The inflations stored in the cationic 
solution yielded an average rinse count of 1,300 in contrast to 24,000 for 


lye storage. 

Higher rinse counts were secured using lye in jar storage that were 
obtained with lye used in solution racks. This was considered to lie due 
to repeated use of the same lye solution for a T-day period in jar storage, 
whereas a fresh lye solution -was applied between each milking when rack 
storage -was used. 

Physical cleanliness and bacterial cleanliness. A tabulation of the 

TABLE 4 

The relationsliip hetmeen hactcrial count and phydcM cleanliness of mllhvr in fat ions 


Appearance of mUker inilations 


Bacterial count 
of 

niilker inflations 

Clean 

Not clean 

No. 

% 

' No., ' 

% 

<10,000 

242 

51.0 

34 . 

24 

10,000—100,000 

97 

20.4 

■ 25 

18 

100,000—1,000,000 

■ ■ . 88 ..;.i 

i8.a 

33 

23 

>1,000,000 ! 

49 

^ ^ ■ ■ ,i 


50 

i 35 


milking machines examined over the entire course of the study w'as made 
to determine to what extent cleanliness by physical examination -was veri- 
fied by the bacterial counts obtained. This included 617 examinations. 
Of this number, 475 -were noted as being clean and 142 as not clean. The 
bacterial counts of both groups are shown in table 4. In accordance with 
the data presented, it would appear that milking machines can be judged 
for bacteriological cleanliness by physical examination with only a fair 
degree of success, for in 51 per cent of the milkers rated clean, the bac- 
terial counts were less than 10,000, which i:>robably could be considered 
a ‘^fair^’ count for inflations stored dry. However, 29 per cent of the 
milkers that appeared clean were highly contaminated. 

There was less relationship between appearance of milker inflations 
ill the ^‘not clean’’ group. Here 24 per cent had counts of less than 10,000. 
These figures likely were not representative of average conditions, since 
the number of samples was relatively small and among them were infla- 
tions that frequently were found to retain an oily wax-like deposit as the 
result of storage in cationic germicide and the inflations of producer 5A 
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that were doused with warm chlorine solntion without first rinsing off 
adhering milk with clear water. 

Producer reaction. Some objections to cationic solutions were expressed 
by producers. One expressed dislike for cationic detergents because they 
made the rubber feel '^dead’^ and because they caused the rubber to be- 
come coated with a slippery film. Occasionally this would cause the milk 
pail gaskets to be sucked into the milker pails. It was discovered that 
this condition occurred mainly when the milk films were not completely 
washed off the rubber before placing the parts in the solution jar. Lye 
solution was preferred by this operator because it served better as a de- 
tergent. 


TABLE 5 

The relaiionsJiip hePween samtwaPion treatment and haeterial condition of a 
single set of milicing machine inflations (prodncer 17 L) 



Bacterial eouiit/ml. 

Bate 

1 Inflations 

Milk 


Total 

Thermo durie 

Total 

Ofliermodurie 

2~5a 

3,000 

1,000 

10,000 

2,400 

2~19a 

10,000 

500 

16,000 

500 

3-27b 

310,000 

510', 000“ 

5.000 

6.000 

30,000 

; '\400-', 

4„3b 

52,000 

200,000^ 

5.000 

3.000 

7,000 

300 

4-lOb 

1,000,000 ’ 
1,300,000« 

2,000 

2,500 

88,000 

4,000 

4~16b 

10,000,000 ■ 
75,000,000c 

2,500 

2,500 

930,000 1 

600,000 

4-24i> 

30.000. 000 

21.000. 000c 

25.000 

50.000 ; 

6,000,000 

900,000 : 


3,500^5 

10,000 

4,500 

4,000 

22,000 

400 


a Hot water used. 

Gold water used. 

e Eiased mth 200 11 . 1 } .m. catiojile solutioa after W'asHng. 

Stored on solution rack witli 200 p.p.m. eationie solution. 

Some objection also was expressed with respect to cationic solution 
forming an oily and somewhat wax-like film when tised for sanitizing 
milker pails. This condition also was found inside inflations. At no time 
during the course of this study was milkstoiie a problem. Only during 
the initial portion of the study was it noticed. The anionic detergent 
combined with near-neutral polyphosphate was effective in its removal 
as well as in its prevention. A soft gel-like slime occasionally w^as found 
when examining inflations for cleanliness by spatula scraping. This us- 
ually w'as found "when chlorine solutions were used for sanitizing without 
properly removing all milk film by rinsing in water. 
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Most difficulty with bacterial contamination oeeui'red where wasliiiig* with 
detergent and cold or only moderately warm water was used, after wdiich the 
inflations were stored dry. An illustration of the result of such washing was 
well demonstrated by producer 17Ly wdio had been produeing milk for 
several months with a good record of low hacterial counts. His hot w^ater 
heater was sent away for repair for sevex'al weeks during the course of 
the study. Results as showui in table 5 reveal a progressive degree of con- 
tamination that first was made evident by increase in the rinse count of 
inflations. Milk samples remained nonnal during the first 2 iveeks of cold 
water washing and then greatly increased in total and therBioduric counts. 
Immediate reduction in coimts followed the rcdiirn to hot w-ate^ 
after washing. Similar patterns were discernible with other producers 
that washed their machiiies but did not follow up Avith effective germi- 
cidal treatment This would support a coiieept that inflations are not a 
formidable source of bacteria until contamination has penetrated the 
rubber pores. 

DISCUSSION . 

The results of storing inibber milker ixiflations under pracxtiexil 
conditions indicate tliat lye and cationic germicide solution stcmige pro- 
vide an assiiranee of better sanitation than does diy storage. (Jexmiicklal 
properties of 0.5 per cent lye and 200 p.p.m. cationic gerinieidal 
appear to be of practically equal value where fresh solutions of lye are 
applied, such as is made possible with solution rack storage. When jar 
or bath storage wa>s used, eationic solutions provided better sanitizing 
than did lye. This would indicate that the eationic solutions are more 
durable as germicides than lye and that wiieii lye jar storage is used for 
rubber parts, fresh solutions should be prepared more frequently than 
once each week, as was used in tlie studj". 

The cationic solution applied as a rinse following w^ashing was not 
satisfactory as a means of sanitizing the rubber parts. This was indicated 
by high bacterial counts in the inflations as w^ell as in milk produced wdth 
the inflations. Apparently more intimate exposure to the catioiiie germi- 
cide was required than was possible by drawing 1 gallon of solution 
through the cups and tubing. 

“ The authors previously reported (3) that rubber inflations were capable 
of absorbing storage solutions to an appreciable degree. Butterfat and 
unquestionably bacterial contamination likewise have been found to be 
absorbed by rubber. With these absorbing qualities definitely shown, it 
would seem logical to conclude that the problem of sanitizing rubber is 
not just a matter of treating the surface but of penetrating the pores 
either by prolonged contact with penetrable germicidal solution or wuth 
heat. Hence, the lack of effective germicidal treatment by rinsing and 







retaining only a surface film could be expected. It likewise would follow 
that a combined washing-sanitizing compound, such as frequently has been 
sought, would not prove effective unless followed by solution storage. 

The observations indicate that rinse counts do not represent the entire 
bacterial contamination but only a portion of that present on the surface 
of the I’ubber. Low rinse counts therefore should not be accepted with 
complete assurance that inflations are sanitized satisfactorily unless the 
milk produced with them yields low total and thermoduric counts. 

In this study, milker pails w-ere not examined for bacterial contamina- 
tion but only for appearance of cleanliness. General observation led to 
the belief that the greatest contamination came from milker inflations and 
tubing, 

CONCLUSIONS 

Farm application of milker inflation storage employing 0,5 per cent 
lye solution, 200 p.p.m. cationic germicide and dry storage was observed 
through means of farm inspection, sterile rinse counts of inflations and 
bacterial counts of milk. Comparison of storage treatment was made 
using two different procedures on each of two designated milkers on each 
farm. • 

The lye and cationic solutions appeared to have equal germicidal value 
as measured by total rinse counts when solution rack storage was used. The 
cationic germicide solution caused greater reduction in themnodurie count 
of rinse water samples than did lye. . Lye solution had less germicidal ef- 
fectiveness than the cationic germicide when immersion storage was used. 

Dry storage was least satisfactory in maintaining uniformly low counts 
of inflations, and high thermoduric counts "were associated with cold water 
washing followed by dry stoi*age. Dry storage after washing and ^^sani- 
tizing” with 1 gallon of 200 p.iD.m. cationic solution was not satisfactory. 
Some objection to physical properties of the cationic germicide was reg- 
istered. 
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SWEET POTATO MEAL VEKSUS GROUND CORN IN THE RATION 

OP DAIRY COWS^ 

JENNINGS B. EEYE, JR., JOHN H. THOMASON, and HERBERT B. HENDERSON 
Dairy Department, University of Georgia, Athens 

Raw sweet potatoes liave been used as a feed for domestie animals for 
some time. However, it lias been only during the past decade that sweet 
potato meal has gained recognition as a possible substitute for corn in the 
ration of livestock. Several southern investigators (6, 7, 8, 9, 10, 11, 12, 
13) have found dried sweet potatoes to be worth approximately 90 to 95 
per cent as much as corn for fattening beef cattle. Hogs and mules pre- 
ferred rations in which the sw-eet potato meal did not replace more than 
50 per cent of the corn in the ration. Massey (14) at the Georgia Ex- 
periment Station conducted a series of experiments in which he studied the 
comparative value of sweet xiotato meal a.ud ground corn as a feed for e\res. 
The 300 ew-es that w-ere fed these rations during a period of 3 years fa- 
vored the sweet potato meal from a palatability standpoint and gained as 
much during the gestation period ‘when fed the sw’eet potato meal ration 
as when fed the corn meal ration. The ew’es that received the sweet potato 
meal ration produced more milk after the lambs w’ere born and thereby gave 
the lambs a faster growdng start. 

Louisiana workers ( 15 ) report that dehydrated sweet potatoes have 
approximately 88 per cent of the value of yellow corn meal and are ap- 
proximately 17 per cent more valuable than ground snap|)ed corn, in- 
cluding cob and shuck, for milk production. Good quality dehydrated 
sw^eet potatoes contained from 76 to 81 per cent T.D.N. and a poor quality 
product contained 71 per cent T.D.N. on the dry basis; Vitamin A 
analyses of the buttei'fat from milk produced b^" eow^s fed sw^eet potatoes 
were 19 per cent higher than those of butterfat produced by cow^s fed 
ground corn. The basal feeds were common lespedeza bay, alyce clover 
hay, or kobe lespedeza hay and cottonseed meal. Briggs et ah (2) of the 
Oklahoma Station recently reported that on the dry matter basis the 
average T.D.N. value of dried sw^eet potatoes for steers w^as 86.05 as com- 
pared to 85.80 for the corn. The basal feeds were alfalfa hay or prairie 
hay and cottonseed meal. Gopeland (5) of Texas reported that one could 
expect 3.08 per cent more milk as a result of feeding corn than when 
feeding sw^eet potato meal. It also w-as noted that butter produced from 
cow^s on the sw^eet potato meal contained 37.98 I.U. of vitamin A per g, as 
compared with 31.11 I.U. from butter produced hj cows fed yellow corn. 

Boeeived for publication December 3 3, 1947. 

1 This paper is part of a thesis presented by John H. Tliomason to the Graduate 
School of the Unirersity of Georgia in partial fulfilment of the requirements for the 
degree of Master of Science in Agriculture, 


341 





ll ill I 




342 ' ,■. JENNINGS B. FEYE EU’ AL. ■ ; . ■ ' 

Masse}^ (M), iu a study with 48 cows, reports that the eowB which received 
the sweet potato meal ration produced 9.3 per cent more milk than did 
tho>se fed the com ration. 

EXPERiaiENTAL PEOGEDUHE . " ' • ' 

In the spring of 1946, eight Jersey cows of the University of Cleorgia 
dairy herd were paired into two groups (Groups it and B) ami fed com- 
parative rations of sweet potato meai and ground snapped white corn. 
The constituents of the eoncentrate mixtures used in the experiment are 
shown ill table 1. The inixturt?s were the same except that an ecpial a- 
mount of sweet fxdato meal was substituted for the corn in mixture 2 and 


Constituents 


snappod wliite corn , 

Swi.!et putnto meal 

Oats 

Wlieat 1mm 

Cottonseed meal 

Honeiueal 

Salt 


potato meal 

were used 

in mixt 

lire 3. 

The 

edeza and gr; 

riss hay ad 

muiini. The 

ani- 

TAIU.E l 





'(tin miiTfnrvs ns 

in 

\aif. 



Mixture 1 

' Mixture 3 


Mixture ! 

P> 

■ Oh,) 



Oh,) 


200 - ) 


: i: 

100 



200 


100 


UUI 

UH) 

' 1 ■ 

300 


100 

100 


100 


m : 

Kin 

4: . „i^ . ■ 

. K15 . 


^' 0^ i 

. }> ■■ , 

; j. :■ 

P 


',4.5 ■■ 1 

4,f.) 


4.5 


lot except when being 

milked 

hj mac 

ffiine 


twice daily. 

The double reversal method of experimentation (1, 4, 18) was emi^ioyed 
in this work. Both Gronjis A and B were fed mixture 3, which contained 
equal parts of corn and sweet potato meal, during a preliminary period of 
14 days. Then Groups A and B were fed mixtures 1 and 2, respectively, 
during the first experimental period. The gi’oups were changed altex^- 
nately from one ration to the other during the second, third, and fourth 
experimental periods, each of ■which extended foi* 28 days. 

When the experiment was about one-tliird over, cow*s no, 7 and 8 had 
to be withdrawn from the experiment due to the incidence of mastitis. 
In view of the fact that these two cows were paired together before the 
experiment started, their removal affected the experiment only insofar as 
the number of coiivs in each group was reduced by one. 

Analysis of variance (4) wus used in the statistical treatment of the 
liveweight and milk and butterfat production data according to two dif- 
ferent methods. Method 1 tripled the differences between the response of 
the cows on the two feeds during the second and tliird experimental periods 
('~a + 3i-3c 4 d) and gave equal weight to the differences daring the first and 
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fonrtli periods. Method 2 (3) consisted of giving equal weight (a-I) ^ c-rl) 
to the differences incurred during each experimental period. 

RESULTS 

Chemical analysis of feeds. Sufficient quantities of both rations Avere 
mixed bimonthly so as to keep a fresh supply of feed on hand at all times. 
A representative sample from each batch of feed was analyzed for dry 
matter, ether extract, crude protein, nitrogen-free extract, crude fiber, 
ash and moisture. The data shown in table 2 reveal that the corn ration 
contained 0,70 per cent more moisture, 1.6 per cent more fiber, 0.50 per 
cent more protein, 0.30 per cent moi'e fat, 1.0 per cent less ash and 2,20 
per cent less nitrogen-free extract than did the sweet potato meal ration. 
Very little difference in the chemical composition of the two mixtures was 
apparent. 

The work of Briggs et ah (2) and Eusoff et ah (15) indicates that the 

TABLE 2 

Average chemical analyses of experimental rations'^ 


Constituents 


1 

Mixture 





1 

N itrogen- 


Moisture 

Fiber 

Protein 

Asli 

1 Fat 

free 

extract 

1 

9.8 

8.8 

16.9 

5.2 

1 

: 4.3 

55.0 

2 

9.1 

7.2 

16.4 

6.2 

4.0 

57.2 


. ft Cliemieal analyses were made by jyersonnel of the St.ate Chemists Department 

apparent digestion of coefficients of the protein, fat and fiber of dehy- 
drated sweet potato meal may be rather Ioav. The Louisiana Avorkers (15) 
point out that since the N.F.E. made up OA^er 84 per cent of the dry matter 
in the dehydrated SAveet potato, the apparent lack of digestibility of the 
other constituents had but little effect on the T.D.N. content and that 
the low content of protein precludes this product from being an important 
source of this nutrient. It Avould appear from these reports (2, 15) that 
the sweet potato meal ration (mixture 2) fed in this experiment may have 
been a little lower in digestible protein than the corn ration (mixture 1)\ 
Palatahility, All of the cows relished the sweet potato meal (Porto 
Rico variety) ration from the start of the experiment; when the cows 
were changed from one ration to the other, they did not eat the corn 
ration as readily as they did the SAveet potato meal ration. This is in 
agreement Avith the results obtained by Massey (14) of the Georgia Ex- 
periment Station and Seatli (16) and Seath et ah (17). The Porto Pico 
variety of sweet potato was fed in these studies. The Louisiana AA^orkers 
(17) observed in another study that, when the high-starch sweet potato 
variety, L~45, was compared with ground yelloAV corn meal in the ration, 
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from 1 to 4 days Arere retiuired for all of tlie eoAvs to beeoriie aeeiistomed 
to the change in the rations. Then they ate the ration containing stveet 
potato meal as readily as they did the one containing corn meal. _ In re- 
gard to the varying degrees of palatahility of sweet potato meal as reported, 
one should remember that this product is a relatively new livestock feed, tlie 
quality of Avhicli has not jmt been standardized. The i>ropor1ion of sweet 
potato meal to other constituents and the number of various ingredients 
used in the ration probably Avould have a definite relationship to the 
palatahility of the ration containing the sweet potato meal. From the 
standpoint of color and palatahility, the pi'odnct nsed in this experiment 
Avas excellent. 



EXPEfUMENTAL PERIODS 

Pio, 1. Curves showing mean milk yield of cows on experiment. (Group J=:X; 
Group Mixture 1=::- ; .Mixture 2=-* ; Mixture 3 = ,) 

The cows fed the sweet potato meal appeared to have a sleeker Iiair 
coat than did. those fed the corn ration. There was no indication of any 
unnsnal looseness in the feces of the animals as the result of feeding the 
sweet potato meal ; the feces of these cows were not as loose as those from 
the regular herd cows which were on green pasture. Massey (14) like- 
wdse found no digestive disturbances among the eow'S fed sweet potato 
meal, although it seemed to have a more laxative effect than did the corn 
meal. 

Liveweighi, The liveweight average per cow when fed the corn ration 
was 798 lb, as compared to 801 lb, when fed the sw-eet imtato meal ration. 
Statistical treatment of the data according to the methods described pre- 
viously gave i^-tests which indicate that there was no significant difference 
between the effect of the two feeds on the liveweights of the cows. 
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Milk mid hiiiterfaf yields. A comparative study of the efect of corn 
and sweet potato meal on milk and butterfat production wa.s made during 
each of the experimental periods. The milk production data (Fig. 1) 
reveal that although the level of production of Group B wms higher than 
that of Group A, the trend of the lactation curves of the two groups of 
cows w^as very much the same throughout the experiment. The level of 
production of the two groups was about the same at the start of the study. 
The sharp drop in the curve of Group A during the period July 23 through 
July 29, inclusive, was attributed to a case of foot rot, which one of the 
cows had during that period. Group A. was being fed sweet potato meal 
ration during this iDeriod. 

From the standpoint of total production, when the cows ivere fed the corn 
ration (mixture 1) they produced 5,752.1 lb, of milk as compared to 
5,741.2 lb. when fed the sw^eet potato meal ration (mixture 2). The 
butterfat yields of the coavs when fed each of the experimental rations Avere 
calculated fi’om a bimonthly butterfat test and the actual milk production. 
When fed the corn ration, the coavs produced a total of 267.58 lb. of ■ 
butterfat as compared to 268.72 lb. Avhen fed the sAveet potato meal ration. 
The Fhests indicate that there aa^s no significant difference betAveen the ef- 
fects of the tAvo feeds on the amount of milk and butterfat produced. 

SUMMARY ■ ■■ 

A coniparatwe study of the effect of ground snapped AAhite corn and 
sweet potato meal on the liveweight and milk and butterfat production of 
dairy coavs was conducted during the spring and summer of 1946. Analy- 
sis of variance reA^ealed'no significant differences in the milk and butterfat 
production or in the liveweights of cows when the SAA^eet potato meal or 
corn constituted 36 per cent of the concentrate mixture. The SAATOt 
potato meal Avas as palatable as the ground corn Avhen each of these com 
eentrates constituted 36 per cent of the concentrate mixture. No ex- 
cessive or objectionable laxative effect upon the digestive system of the cqaa-s 
was noted Avlien they Avere fed the sweet potato meal mixture. The cows 
fed the SAveet potato meal had a sleeker, brighter hair coat than did those 
fed the corn ration. 
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GOREELATIGN BETWEEN THE LACTOSE CONTENT OP MILK 
AND THE CBEEBEOSIDE AND CHOLINE CONTENT OP BRAIN 

D. P. SABHUi 

Bepartmeni of Dairy Kitsbandry^ University of Missouri, Columbia 

Although the composition of cerebi’osides is well known, their function 
is not understood. They are found in almost all tissues but are present in 
largest amounts in the brain. As the cerebrosides are relatively stable 
under various conditions (14, 15), they are believed to function as basic 
structural elements. Although the cerebroside composition of different 
brains has been studied (9, 12, 14, 15), a systematic study of their relation 
to other lipids has not 3 ^et been made. 

The cerebrosides have a galactose residue; sphingomyelins have a cho- 
line phosphoric acid residue. This led to the belief (1) that the two 
radicals might be interchangeable, that galactose might act as a choline 
sparer ill the organism. If true, this would throw some light on the 
funetions of lactose in milk, and also on the functions of cerebrosides and 
sphingomyelms. If there is such sparing of choline by galactose, it may 
be of significance in lipotropy and related xihenomena. This problem 
was studied by feeding different levels of lactose. However, large amounts 
of lactose exert an unfavorable effect, apparently by competition with 
the glucose at the tissue centers where glucose is metabolized. A report 
(13) appeared on the effect of iaetose feeding on the cerebroside content 
of the rat brain, but not on the change in choline distribution. There- 
fore, the author has attempted to find out if there is a correlation hetween 
the lactose percentage in milk and the eex*ebroside content of the brain in 
several species of mammals. . 

METHODS 

The brains of the various f i^eshly killed animals were weighed, dried 
in a vacuum oven for 48 hours, pulverized, weighed, and extracted with 
absolute methanol in a Soxhiet apparatus for 36 hours. The eholine in 
the extract w^as determined by the method of Glick (6) and the eerebro- 
sides by the method of Briickner (2, 3). Figures 1 and 2 and table 1 
the correlation between eholine and galactose in tlie brain and the lactose 
in the milk. The effects of age, gestation, and cortical differentiation on the 
cerebx'osides and eholine contents of the several brains are presented in 
tables 2 to 4. 

RESUI/rS AND DlSCmSSION ' '' \ 

No definite major function has yet been ascribed to galactose, although 
many minor functions have been attributed to it (1). Biochemically, 
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.siiniiar liydrophilie gTOiip, glnco-eerebrosides would be expected to exist 
ill tlie body, and, indeed, gineo-eerebrosicles have been isolated from the 
spleens of patients suffering from Gaucher’s disease (5, 7, 11) though 
the normal galaeto-eerebrosides also were present (10), Since then gluco- 
cerebrosides also have been found in the normal cattle spleen (18) but 
never in the brain. It is likely that giueo-eerebrosides normally are pres- 
ent side by side with galacto-cerebrosides but, since glucose is the only 
oxidative substrate for the brain, it is quickly oxidized, and, therefore, 
not detectable in the biTiin. Galactose, on the other hand, being resistant to 
oxidation, forms stable galactosides of brain cerebrosides. This assump- 
tion is substantiated by the presence of both, gluco- and galacto-cerebro- 
sides in the spleen (8) but only galacto-cerebroside in the brain. 

TABLE 1 

Cholme mid galactose content of cerehrosides 


>Speeies 

No. estimations 

Choline 

( % of dry matter) 

Galactose 
( % of dry matter) 

Bat 

■24 ' 

1.346 

1.667 

Afouse 

32'- 

0.840 

2.456 

Babbit 

.18 ■ 

1.878 

1.797 

Big 

10 ■ ■ 

1.306 

^2.621 

( hi i Ilea pig 

: ■ ■ ^ '10^ ■ ■ 

1.831 

2.133 

Bog '. ; 

. O' .. 

1.368 

1.915 

Cow I 

i''...;’ ■ ■■■ 12. ■ 

1.826 

2.239 

Horse I 

■ 6 

■ ' 1.979 , .. 

3.995 

Mule j 

1 ■ ^ :| 

■ 2.507 ' .:' " ' '! 

5.053 


It is true that galactose is synthesized by all animals, but in the mamma- 
lian series preformed galactose, supplied by lactose, is likely to determine 
the galaetoside content in the phylogenetic scale of evolution. Feeding 
of lactose in nontoxic amounts increases galaetoside formation in the 
rat brain (13). 

If tlie galactose can replace the choline phosphoric acid of sphing- 
omyelins, an inverse relationship may be expected betw'een galactose and 
sphingomyelin contents of brain. Data on rat brain lipids (14, 15) show 
that as cerebrosides increase with age, sidiingomyelins decrease. However, 
this is true only when these analyses are expressed as |.)ereentages of total 
brain lipids; both cerebrosides and sphingomyelins show an increase in 
absolute amounts -with increasing age. Figure 2 slioivs that when the cho- 
line contents of the brains of different mammals are compared with the 
lactose contents of milk, a positive correlation is obtained, although a 
negative correlation was expected. Even if sphingomyelins decrease with 
increase of galactosides, there may be a simultaneous increase in other cho- 
line-containing lipids. As sphingomyelins w^ere not estimated, this question 
cannot be settled. However, it should be noted, that the correlation be- 
tween lactose and choline is not very high, and, if a concomitant increase 
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Species 


Galaetose 
(% of dry matter) 


8 days 
14 days 
Adult 
20 days 
Adult 
22 days foeti 

Babbit j Adult 


Mouse 



table 3 


Maetos.‘ ( % <rf^y 

Freguant 



,.„ jtt li -*>■• “ 

CJwUne atul S'®'®®*®®/ c aamflo of the hrain 

— ^lactot 


Specdes 


Cortex 


1,755 

1.337 


Iwiii 


Medulla j Composite^ 


L833 

1.378 


1.82C 

1.308 


2.185 

2.053 


■■2,243 

1.002 


2.239 

1*015 


P 0 g_ U_^ — rtie eerebroside content of tbe 

Table 2 shows that there is an ^ 3 g^o^vs an in- 

te,l th ase, coafinataS tod oJ gestation, .a might 

crease in brain eerebroside with - mother during the gesta- 

reaped, siaee lactose *»”"„" in oettid. content ol difc- 
tioa pecM. Table 4 “““''L degrees ol cortical d,ffcrentm- 

sxmMxVRY _ 

1 . Nine species of a high 
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is a slight positive correlation between the choline content of brains and 
the lactose content of the mothers’ milk. 

It is suggested that spliingosine base can reversibly take up galactose 
or choline phosphoric acid to form cerebrosides or sphingomyelins and, 
thus, cerebrosides may function as choline sparers. 

2. There is an increase of cerebrosides with age and gestation. There 
is no significant difference in the cerebroside distribution between cortex 
and medulla of the brains of the species studied. 
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ESTIMATING THE AMOUNT OF FEED DEEIVED PROM PASTURE 
BY COWS IN THE’CONNECTICUT DAIRY HERD 
IMPROVEMENT ASSOCIATION 

G. E. FEICK AND H. D. EATOJ^i 

Departments of AgrieuUural Economics and of Animal Industries, 

Vniversity of Connecticut, Storrs 

In many pi'oblems of farm management, estimates of the eontribu- 
tion of pasture to total annual feed eonsuiuptioii of dairy cows are desir- 
able. Tlie most eoininon inetliods for determining pasture yields may be 
classified broadly under three headings: (a) Yields per acre of pasture 
based on agronomic data, a procedure which involves clipping, drying, 
and chemical analysis of the pasture grasses, (b) By quantitative graz- 
ing, which measures the weight changes of livestock and involves estimating 
the yield of pasture from the recorded weiglit changes, (c) On the basis 
of milk production records, when total feed requirements are estimated, 
barn feeds are known, and pasture appears as a residual. The purpose 
of this paper is to enlarge on the latter method. 

EXPERIMENTAL PROCEDURE 

A ineasure of energetic efficiency of milk production wdiich describes 
the input-output relationship of milk production was selected. The 
measure was applied to production and feed consumption records by 
month of lactation for cows freshening in the winter months when baim 
feed equaled total feed input. The computed efficiencies of milk production 
for the various months of lactation were applied to the milk production 
records for cows freshening in the various months and estimates were made 
of the total nutrients required by month of lactation. After the total nu- 
trients required were computed by month of freshening and month of 
lactation, the contribution of pasture was determined by deducting the 
known barn feeds from the evStimated total requirements. 

A measure of energetio effleieneg of milk irroduction. To obtain an 
estimate of a cow^s consumption of total digestible nutrients (T.D.N.), 
certain measures which describe the cow’s ability to convert feed into milk 
are used. These measures of energetic efficiency of milk production are 
based on, records of milk output, feed intake, weight of cows, and so on. 

Various types of dairy-merit indices have been developed. Davis 
et al, (3) proposed a dairy-merit index relating fat-corrected milk 
(F.C.M.) and weight (W). Brody and Nisbet (2) and Kleiber (7) relate 

Heceived for publication December SI, 3947. 

^Tlie authors are indebted to Dr. S. Johnson and Dr. E, G. Dressier, Jr., for their 
helpfulsuggestions. 


354 «. E. FRIGE AND H. D. EATON 

milk production to the three-fourths power of hody weight. ^Other indices 
relating the amount of feed consumption and the amount of milk pro- 
duction, however, are much more applicable to this analysis. Brody (1) 
has developed a relationship which defines dairy merit as the ratio of 
milk-energy production to T.D.N. energy consumption. Based on the 
ratios of 1 lb. of millt to equal 340 calories and 1 lb. of T.D.N. to equal 
1,814 calories, the relationship is; 

. . ^. 340 X lb. 4% F.C.M. produced 

Dairy-ment ratio = of T.D.N. consumed 

Brody used tliis for eompaidng milk producing capabilities of various 
cows -within breeds and between breeds and also to compare different 
mammals. He found that dairy merit varied between different mammals 
and that the larger breeds of dairy cows had a lower dairy merit than the 
smaller breeds. 

Dadry merit hy month of lactatiom Brody’s analysis and use of the 
concept of dairy merit was entirely on an annual basis. In this study 
his measure is adapted to monthly input-output data in order to develop 
dairy-merit indices wdiieh lead to a determination of the total T.D.N. con- 
sumption and the feed derived from pasture. With the established 
measures of dairy merit hy month of laetatioUj records of milk produc- 
tion may be used to derive monthly feed requirements. Deducting re- 
corded amounts of T.D.N. in barn feed from these required nutrients 
should give the contribution of pasture. 

The records from ten D.H.I.A. herds over a period of 10 years from 
1935 through 1944: served as the source for input-output records. A 
total of lj200 lactation records from Holstein cows was obtained, with 100 
records in each month of freshening. While these records are subject to 
the usual limitations in api-)lying a single day’s performance to estimate 
an entire month, the records of concentrate feeding were taken on an 
individual basis and appeared to be reasonably accurate. The records of 
barn-fed roughages, however, were recorded as the average of several cows 
or the entire herd. This method of computing roughage consumption 
would tend, among other things, to obscure any possible differences that 
may have been associated with the stage of lactation. 

The input-output relationships developed from D.H.I.A. data were 
based only on those months when pastoe was nnimportant. This was 
done on an average basis by combining figures for the barn-feeding months 
from December through March for all months of freshening, and so ob- 
taining average inputs and outputs for each month in the lactation cycle. 

' EESULTS 

The dairy-merit ratios for the different months of lactation, calculated 
according to Brody’s formula, are given in table 1. Since feed inputs 
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do not decline as rapidly as milk production during tke lactation period, , 
dairy merit decreases througlioiit the period. Disregarding the X’esults 
for the first partial month, daily merit averaged about 34 per cent during 
the second month and 20 per cent during the ninth month, an average de- 
cline of 2 per cent per month. The tenth through twelfth months of 
lactation are subject to more rapidly declining milk production and dairy 
merit, presumably as a result of advancing gestation. 

TABLE 1 


Estimates of dairy merit hy months daring the lactation period 


Mo, of 
lactation 

Av. lb. 
of milk 
per months 

Av. lb. 
of T.D.N. 
per montha 

% 

dairy merit 

1 

448 

195 

43.3i» 

2 

1160 

635 

34.2 

3 

1048 

620 

31.3 

4 

958 

614 

29.2 

5 ■ f 

870 

.. 594 

27.4 

6 

799 

576 

26.0 

7 

736 

558 

■ 24.7 

8 

; 650 ■ .1 

538 

22.6 

9 

5.57 

520 

20.1 

10 

393 

490 

15.0 

11 

267 ' 

'475 ... 

10.5 

12 

102 

456 

6.7 


Milk •prodiietion has been converted to 4% v’ldle feed inputs have been con- 

verted to pounds of T.B.N. on the basis of 0.75 per ib. of grain, 0.50 per lb. of liay, and 
0.18 per lb. of ensilage. 

Based on production and feed for an average of 10.8 days durhig the month. Since 
I feed inputs were allocated in the ratio of 10.8 to 30, the amount fed after freshening 

' probably is underestimated and the calculated lactational efficiency correspondingly high. 

Estimating required nutrients^ and the contribution of pasture. The 
dairy-merit ratio defined by Brody may be converted to give directly the 
; amount of feed obtained from pasture. The formula is as follows. 

^ Pounds of T.D.N. ^ 340 xF.C.M. Pounds of T.D.N. 

’ from pasture ~ 1,814 x D.M. from barn feed 

I where D.M. represents the previously calculated dairy-meiut ratios, 

i; A first attempt at an estimate of pasture -will consider the feed equiva- 

^ lent obtained from pasture for cows freshening in the month of January. 

Table 2 summarizes the computations. These estimates indicate that such 
i cows obtained about 6 per cent of their April feed requirements from 

: pasture, 50 per cent of their May requirements, 74 per cent of their June 

; requirements, and so on. On an annual basis, pasture accounted for 37 

I , per cent of the total feed requirements. 

I Monthly feed requirements from cows calving in each month of freshen- 

) ing were computed in a manner similar to that for cows freshening in 

t January. Having computed the feed requirements and the breakdown 

I of source of feed, whether from pasture or from barn feeds, it is possible 
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to combine feed i^ecords by montli of lactation and by nioiitli of freshening. 
The monthly composite feed records for a herd orgairization with equal 
numbers of eows freshening in each of the calendar months may be ob- 
tained in this manner. Table 3 summarizes the amounts of recorded nu- 
trients from grain, hay and ensilage, and the total required T.D.N. based on 
milk production. The amount of pasture was found by deducting the 
total recorded T.D.N. per day from the total required T.D.N. per day. 
When the cows are not getting pasture, this figure would be expected to 

TABLE 2 


Estimates of monthly feed requirements and imtrients oh tamed 
from pasture for eows freshening in January 


Moiitli 

Pat-corrected 
milk per month 

Barn -fed 

ISstimated T.D.Ni 

T.D.N. per 
month 

Prom all 
sources 

Prom pasture 


(lb.) 

(lb.) 

(lb.) 

(Ih.) 

(%) 



457 

oob 

54.3 

- 13« 

- 2,4'J 

Feb. 

1058 

597 

580 

- 17 

- 2.9 

March ............ 

1079 

633 

646 

4 13 

4 2.0 

April .............. 

951 

571 

610 

4 39 

4 6.4 

May .................. 

980 

332 

670 ' 

4 338 

4 50.4 

June 

906 

172 

653 

4 481 

4 73.7 

July 

825 

179 

626 

4 447 

4 71.4 

Aug. 

756 

181 

627 

4 446 

471.1 

Sept 

654 

207 

610 

4 403 

4 66.1 

Oct. 

I 536 

276 

670 

4 394 

4 58.8 

Nov 

306 

1 435. 

546 

4111 

4 20.3 

Dec. 

186 

478 

520 

4 42 

4 8.1 

Total 

8694 

4617 

7301 

j ' : 2684 ■ ■ 

36.8 


» Using estimated dairy merit from table 1. 

Since cows in the sample freshened throughout the entire month, the data applied 
to an average period of oidy 10.8 milking days. 

c Diiference between T.B.N. from all sources and barn-fed T.D.N. 
d Per cent pasture is of total feed requirements., 

be zero and any plus or minus amounts would be due to inaccuracy of the 
m.ethod. The fact that these diifereiiees are quite small, however, sug- 
gests that the errors in the use of this method are not large. 

On an annual basis (table 3), considering a herd with equal numbers 
of eows freshening in each of the calendar months, pasture accounts for 
36 per cent of the total T.D.N., grain contributes 27 per cent, hay 21 per 
cent and ensilage 16 per cent of the total nutrients. The contribution 
of pasture to total feed requirements of cows freshening in the various 
months varies from a high of 38 per cent foi" cows freshening in March 
to a low of 33 per cent for eows freshening in August. For brevity, tables 
similar to table 2 are not presented for cows freshening in the months 
from B'ebruarjr through December, 
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DISCUSSION 

There are several limitations to the measiu’e used in this analysis. As 
stated by Brody, dairy merit varies from eow to cow and is affected by 
such factors as changes in body weight and size. Since no weight data 
were available for the D.H.I.A. records used in this analysis, changes in 
body weight due to overfeeding or loss of flesh as well as to natural growth 
may have iiiflueiiecd the dairy-merit indices. Dairy merit is affected by 
age, which includes a joint relationship of increased body size and ad- 
vanced maturity as related to increased milk production. This relationship 
is particularly important when working with lactation curves, since the 
slope of the production curve varies for cows of different ages; therefore, 
results are affected by the age of the cows in the sample. Dairy merit is 
a function of feeding levels and not a constant ; the curvilinear total input- 
output curve based on smoothed data as given by Jensen ei uL (6) w^'ould 
correspond to dairy-merit ratios increasing from 23.0 per cent at 6,000 lb. 
of 4 per cent F.C.M, output to 25.4 per cent at 8,000 lb. of 4 per cent 
P.C.M., and then decreasing to 23.6 per cent at 10,000 lb. of 4 per cent 
F.C.M. Dairy merit varies with environment, especially temperature. Re- 
gan and Richardson (9) found that higher temperatures had an adverse 
effect upon milk production. Some degree of error in tlie estimation of 
pasture could be explained on the basis of temperature, since daiiy-merit 
indices were based on the winter months when temperature, as well as the 
other environmental conditions, was fairly constant. 

While the measure under discussion has these limitations, it may prove 
particularly useful in two eases. First, as shown above, an estimate of 
the pasture consumption of a herd can be computed. Second, this measure 
could be used as a means of estimating pasture yields on a seasonal per 
acre basis. This -would provide another measure for estimating pasture 
consumption on individual farms as well as an additional check on pasture 
studies involving laetating dairy cows, in wdiich clipping and grazing 
methods are used. No significant changes w’ould need to be made in the 
managerial techniques now used in the grazing methods as employed by 
Hodgson and Shepherd (5) or in the procedures recommended b}^ the 
eJoint Committee of the American Society of Agronomy, American Dairy 
Science Association and American Society of Animal Pi*oduction (8). The 
results, however, would provide another comparison between the clipping 
(actual growth) and the grazing (actual consumption) methods. Hodgson 
et ah (4) found some divergence in the two methods which might be verified 
and explained by the use of a third comparison. 

SUMMARY 

The residual method was used in order to determine the contribution 
of pasture to total feed supply for a sample of 1,200 Holstein cows from 
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10 D.H.I.A. farms in Coniiecticiit, One of Brody measures of damy 
merit was combined with the input-output records of the 1,200 cows. 
Dairy-merit indices were computed for each month of lactation on the basis 
of winter feed and production records. Pasture contributions then were 
determined by month of lactation for cows freshening in the various months. 
Pasture accounted for 38 per cent of the total feed for a cow freshening 
in March and 33 per cent of the feed for a cow freshening in August, on 
an annual basis. These were the highest and the lowest percentages, 
respectively. 

On a yearly herd basis, using an equal number of cows freshening 
in each month, pasture accounted for 36 per cent of the total T.D.N. intake, 
grain for 27 per cent, hay for 21 per cent, and ensilage for 16 per cent 
of the total nutrients. 

While there are limitations, this method may be used in computing 
pasture yield on a seasonal per acre basis. This would provide an addi- 
tional check on pasture studies in which clipping and grazing methods 
are used. 
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EFFECT OP WATER SPRINKLING WITH AND AVITHOUT 
AIR MOA^EMENT ON COOLING DAIRY COWS 

D. M. SEATHi AND O. D. MILLER 

Dairy Research Department, Louismia AgrieuUnral Experiment Station, Baton Rouge 

The knowledge that cattle produce some insensible perspiration yet 
lack true sweat glands (1) has caused a great deal of speculation among 
livestock men as to just how much effect artificial sprinkling or wetting 
by rain may have on cooling cows during warm weather. Likewise, there 
is much difference of opinion as to hoAv much effect air movement, such as 
wind, may have on the cooling of cows. This applies to cows prior to 
sprinkling as well as after sprinkling. 

In a previous experiment at this Station (4) it was found that milk 
cows when removed from the sunshine to shade cooled much faster when 
sprinkled with wmter than when not sprinkled. Body temperatures for 
those sprinkled reduced to normal levels in 1 hour, while those not sprinkled 
averaged approximately 0.5® F, higher. Also, the reduction in respiration 
rate was ahnost twice as great for those sprinkled as for those not sprin- 
kled, Unpublished results of other Tjoiiisiana Station experiments (3) 
have showm that natural rain tends to cool milk cows rapidly. Experi- 
mental "woih in India (2) has shown this same tendency, with the body 
temperatures of water buffaloes, hill cattle, and sheex^ dropping consider- 
ably and those of ^:ebu cattle showdng somewdiat less reduction due to heavy 
natural showm’s. It was found that whetting animals by hosing for 3 min- 
utes wms as effective in cooling water buffaloes as wms allowing them to 
wmllow for 20 minutes or for 1 hour. 

In a later Indian expeziment (5), 15 wmter buffaloes produced signifi- 
eantly more milk wdien wetting of their bodies wms camied on by splashing. 
The authors concluded that body whetting was essential for water buffaloes 
during the hot rnoiiths. 

As reported by Kendall (1), the wnter lost by insensible pcu%spiration 
by cattle on a rnaintenanee ration wms two to three times greaKw than 
that passed in the imne. This loss, he reports, may vary 12 or moi'e lb. 
per day, wdth decreases accompanying a drop in air temperature. This 
large moisture loss, while not true sw-eat, appears to be relatively important, 
and the variations normally occurring may be associated wdth air movement 
as w^ell as wdth changes in air temperatures. . This experimezit was designed 
to determine the impoiffance of these faetoi\s plus others associated wdth 
air movement and body sprinkling on the cooling of dairy cows. 

Eecewed for iniblieation January 12, 1948. 

^ ISToaa" at tho University of Kentucky. 
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■ ; ■ EXPERIMENTAL PKOOEDTJRE 

Six Jersey cows in milk were utilized in a 2x2 factorial design (6)y 
y . being divided as equally as possible into two groups of three cows eaelL 

;i Twelve warm clear days between July 11 and August 5j 1947, v;ere selected 

I for conducting this experiment. On each day selected all six cows were 

1 tied outside in the sun between 12;00 noon and 2:00 pun., after which 

^ records were made of respiration rates taken from flank movements and of 

? rectal body temperatures. Following this, three of the cows were com- 

J pletely wet by use of a hand sprinkler eoiitaming water averaging ap- 

i proximately 85° P. in temperature. Then the cows %vere put into a special 

I section of the experimental baim. This section uvas enclosed and rectang- 

I ular in shape with a 404neh exhaust fan at one end. PaneUike doors 

j could be opened at the far end when the fan was rimning to permit eircu- 

I ' lation of air. The area was divided into three stalls but the sides of the 

I stalls were not solid, thus allowing air circulation. Two cows were tied in 



TABLE! : 

Factorial design for determining effectiveness of water sprinlclmg on cooling dairg cows 

(6 Jersey cows) 


Pest days 

1 Eaii operation 

Sprinkling proeedureft 

Group A 

■ 

Group B 

1, 5, 9 

Without fan 

Dry 

Wet 

2, 6, 10 

Without fan 

Wet j 

Dry 

4, .7, 11 

With fan 

Wet 

Dry 

3, 8, 12 

With fan 

Dry i 

Wet 


a 3 cows in eaeli group. 

each stall, one at each end, and changes from stall to stall were made 
tically from day to day. On half of the days the fan was started 
as soon as the cows entered the stall and continued running for 1 hour. 

the other days the cows remained in the stalls without the fan being 
in operation. Tests made for wind velocity by use of a Taylor Birani-type 
anemometer were rather unsatisfactory but shelved practically no detect- 
able movement near the floor and from 40 to 240 feet per minute at levels 
between the cows^ bellies and their backs. The division of the cows and 
treatments is given in table 1. 

As shovm, each treatment was performed on three different test days, 
particular design, as can be seen, has the effects of fan versus no fan 
confounded with differences caused by variations between test days (6). 
The effects of treatments as described were determined by noting changes 
ill body temperatiire' and respiration rate after cows had remained 0.5 
hour and 1 hour in the special section of the experimental barn. 

RESULTS 

Becords on cows while in sun. After the cows had remained in the 


1 
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.. TABLE 2 

Average body temperatures and respiration rates of individual cows after 
standing in sim for ^ hours 


Cow no. 

1 Body temperature (°E.) 

Resl^iration rate 
(times per min.) 

Bange 

Av. 

• Range 

Av. 

XI 

102.1-104.7 

103.47 

80-130 

106.3 

4 

101.5-103.4 

102.46 

66-115 

89.3 

X5 

101.3-105.1 1 

103.36 

92-138 

112.5 

12 

103.8-107.4 

105,91 

136-175 

153.9 

X4 

101.2-104.0 

102.84 

75-132 

104.9 

X7 

101.5-104.6 

102.92 1 

68-106 

86.8 

Av. 


103.49 1 


109.0 


suiisliine for 2 hours, the rectal body temperatures (table 2) ranged from 
101.2 to 107.4° F. and averaged 103.49° F. The average temperature 
prior to the cooling treatments thus was approximately 2.0° F. higher than 
that which usually is considered normal. Eespiration rates varied from 66 
to 175 jier minute, with an of 109. This average was more than 

twice as high as were the respiration rates during cool weather. 

The variations shown in these preliminary records prior to cooling 
appear extremely large. Much of this variation Avas due to dilferenoes 


^ , TABLE„3..: ■' 

Comparative average reductions m body temperatures of cows due to wettmg 

and air movement 




Test days 

Atmospheric records at 2 p.m. 

Decrease in body temperature 
at end of 1 hr. 

Temperatures 

Humidity 

Dry group 

Sprinkled 

group 



(%) 


CF.) 



WWioiit fan 


1 

90 

36 

0.63 

0.83 

9 ' ■ 

92 

■ ■■ 45^ 

0.77 

1.77 

. 5 ■ 

94 

. 46 

0.53 

1.07 

6 

" 87 

:29' ■: 

0.47 

1,07 

9 

93 

50 - 

0.70 

1,07 

10 

■ .92 ■ 

48'^ 

1.10 

1.77 

Av. , ' 

. : 91.3 • .... 

42.3 : ■ ■ 

0.70 

1.26 


V7itli fan 

4 

92- "■ 


1.47 

■ 1.77 

3 ■ ■ 

90 

;'6i ■ 

1.00 

1,43 

■ f ■ 

97 

47:. : 

1.30 

1.77 

8 

94 

■ " ■■:.49 

1.33 

2.03 

11 

94 

"■C. ■■43'C 

1.70 

1.90 

12 

96 

- M - 

1.53 

2.17 

Av. 

93.8 

47.7 

1.39 * 

1,84 
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betAveen individual cows as well as to tiie day to day vanability fou^ 
in air temperatures (table 3). Air temperatures ranged from 87 to 97° F . 
and averaged 91.3° F. on days when the fan was hot used and 93,8° F. 
on the days when the fan was used. 

Influence of cooling on body iemperatiires. Statistically significant dif- 
ferences (6)' were found in favor of sprinkling as contrasted to not sprin- 
kling and in favor of air movement caused by fan as compared to no fan 
(tables 3, 4 and 5). Cows left diy without fan showed an average de- 
crease in body temperature after 0.5 hour of 0.28° F. as contrasted to 0.62° 
P. with fan alone, 0.83° P. for sprinkling alone, and a decrease of 1,42° F. 
for cows receiving both sprinkling and fan. At the end of 1 hour for the 
noil-sprinkled and iion-f an treatment, the decrease in body temperatures 
averaged only 0.70° F., and for sprinkling plus fan, 1.84° F, 


TABLE 4 

JSffeet of sprinMing and air movement on changes in 'body iempertrture and 
resinraMon rate at end of 0.5 hour . 


Cow 

no. 

At. 

reduction in body temperature 
after 0.5 Ur. 

Av 

reduction in respiration rate 
after 0.5 hr. 

■Without fan 

With fan 

Without fan 

With fan 


Dry 

Sprinkled 

Dry 

Sprinkled 

Dry 

Sprinkled 

Dry 

Sprinlvled 


(-F.) 

(-F.) 


(OF.) 


(times i)er minute) 

SI 

0.93 

0.53 

0.57 

1.30 

24.0 

35.7 

35.3 

41.3 

4 

0.33 

0.57 

0.73 

0.83 

25.0 

32.0 

22.0 

52.0 

X5 

0.33 

0.97 

0.90 

1.23 

25.7 

30.0 

37.7 

40.7 

12 

-0.10 

1.70 

0,53 

: 2.47 ■ . 

-3.0 

64.3 

18,0 

43.0 

S4 

0.10 

0.57 

0.37 

1.50 

16.7 

31.0 

26.7 

48.0 

S7 

0.40 

0,63 

0.63 

1.20 

10.0 

30.7 

23.0 

29.0 

Av, ■ 

0.28 

0.83 

■■0,62;'' 

■ ■ " " 1.42 ' . 

16.4 

37.3 

27.1 

.■42.3 


The trend appears to be consistent whether considered for individual 
test days (table 3) or for individnal cows (tables 4 and 5), except in the 
ease of the cows sprinkled without fan ; those cows had cmoh^d more at the 
end of 0.5 hour than had the dry cows with the benefit of fan. This was 
reversed, however, at the end of 1 hour, wlien the fan-treated cows were 
the cooler, thus showing the slower cooling eifect produced by the fan 
: alone.'. 

Influence of cooling on respiration rates. For cows .receiving the 
sprinkling treatment in this experiment, respiration rates per minute 
decreased more on an average at the end of 0.5 hour of cooling (table 4) 
than at the end of 1 hour (table 5). The cows left dry either with or 
without fan failed to follow^ this trend, he., those witliout fan decreased 
an average of 16.4 respirations per minute at the end of 0.5 hour and 20.8 
at the end of 1 hour. ’With fan, the decrease was 27.1 at the end of 0.5 
hour and 37.1 at the end of 1 hour. In contrast, those sprinkled decreased 
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37.3 at tlie end of 0.5 hour and 31.8 at the end of 1 hour; those with 
sprinkling and fan reduced 42.3 times per ininiite in 0.5 hour and 35.3 at 
the end of 1 hour. 

CoAv no. 12 (table 4), on an average, failed to decrease either in respka- 
tion rate or body temperature at the end of 0.5 hour when left dry mid 
without fan. At the end of 1 hour a slight average reduction in respiration 
of 3 times per minute was shown, wliile body temperature also showed an 
average decrease. This particular cow suffered much from exposure to 
sunshine and had high body temperatures and respiration rates prior to 

TABLE 5 

Effect of sprimlcling and air movement on changes in hodg temperature a/nd 
respiration rate at end of 1 


Cow 

Av. reduction in 
aftei 

b 0 d Y t emperat ure 

1 lir. 

Av. reduction in respiration rate 
after 1 hr. 

BO. 

Witlioiit fau. 

With fan 

Without fan 

"With fan 


Dry 

Si}rinkled , 

Dry 

Sprinkled 

Dry 

Sprinkled 

Dry 

Sprinkled 



CF.) 

(° p-y 

i-F.) 


(times p( 

’?• minute) 

XI 

1.13 

1.20 

1.53 

137 

34.3 

35.0 

44.0 

40.3 

4 

0.43 

0.83 

1.00 

1.27 

. 21,7 

31.3 

38.7 

41.3 

X5 

0.77 

0.93 

l.SO 

1.87 

28.0 

25.7 

47.3 

34.0 

12 

0.77 

2.90 

1.27 

2.70 

3.0 

64.0 

36.7 

34.3 

. :X4 

0.40 

O.SO 

1,30 

1.70 

23.3 ■ 

15.3 

29,0 

39.7 

XT ' 

0.70 

0.90 1 

: .1.43 1 

1.57 

' 14.7;,: 

13.7 

26,7 

■22.3 . ' 

Av. 

0.70 


1.39 

1.S4 

20.8 ' j 

31.8 

37,1 

35.3 


cooling. The fact that she had calved only shortly prior to the start of 
the experiment partially explains her unusual reactions. 


DISCUSSION 

Results from this experiment give information in addition to that al- 
ready published (4) .. eoneerning the cooling of cows in Louisiana. Of 
particular interest is the added information that the circulation of air 
by a fan greatly increases the cooling of both the nou-sprinkied and 
sprinkled cows. For tlie n on-sprinkled cows fanning ijicreased tlie cool- 
ing rate by eonveetion beeanse tlie anibiejit air temperature was below 
that of the body. Perhaps evaporation of insensible perspiration also 
is a factor, but this is a problem which remains to bo investigated. There 
is need for partitioning the heat loss between convection, vaporization, 
and radiation, all of which are affected by the vapor pressure of the air 
and skin and hy the air movement. 

These trials showed that the least cooling of cows took place 'without 
any sprinkling or air circulation and the best results were secured when' 
cows were first* sprinkled and then subjected to air circulation. The use 
of sprinkling alone or fan alone produced essentially equal results, with 
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sprinkling producing the greater drop in both bod}^ temperature and 
respiration rate at the end of 0.5 hour (table 4) and the fan being the 
more effective by the end of 1 hour (table 5). In these comparisons it is 
of interest that sprinkling alone produced a lower respiration rate at the 
end of 0.5 hour than was present after 1 hour. This was not true for 
body temperature, which is much slower to respond to cooling treatments. 
The fact that the cows were sprinkled just once and with water at approxh 
mately 85^" F. probably helps explain why the maximum reduction in 
respiration was secured at the end of the 0.5-hour j)eriod. 


SUMMARY AND CONCLUSIONS 

When cows were removed from sunshine, sprinlvied with water and 
then subjected to a gentle breeze produced by a fan, they showed rapid 
changes toward normal body temperature and respiration rate. Shade 
alone showed a small change in that direction, wliile the fan alone and 
sprinkling without a fan were intermediate in their effects. 

The results of this experiment give valuable information on how rain 
and wind as produced by nature tend to cool milking cows during summer 
months. The results also suggest the need for further experimental work 
on liow mechanical sprayers and fans may be utilized economically during 
summer when nature is not producing wund or rain. 
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MEASUEEMENT OP FLUOEESCENT MATEEIALS IN MILK 
AND MILK PEODUCTSi 

EOBEET JENNESS and 8 . T. COITLTEE 
Divisions of Agricultural Dioehemistry and Dairy husbandry, 

■ University of Minnesota, St. Paul 

A number of workers in recent years have shown that various dehy- 
drated food products and extracts thereof emit blue ‘fluorescence when 
subjected to ultraviolet I'adiation. The intensity of fluoreseenee increases 
during storage of the products, and, in some cases, is correlated with loss 
of palatability, as Fryd and Hanson (8) found with dried eggs. Others, 
notably at the National Eeseareh Council of Canada (28, 36, 40, 41, 42, 43), 
have demonstrated that heat treatment and storage of dried egg increase 
the blue fluorescence of a 10 per cent potassium chloride extract (26, 27) 
of the defatted powder. 'While Pearce (21) at first postulated that the ac- 
tive fluorescing materials in such extracts are hydrolytic products of the 
proteins, it appears much more likely that tlie}^ arise hj intex'action of 
the proteins with reducing sugaa^s (1, 13, 20, 25, 33). Furthermore, al- 
though Pearce and Thistle (26) and Thistle et al. (35) eoiicluded that 
loss of palatability of dried egg is correlated significantly with inerease in 
fluorescence of the salt-soluble constituents, others ( 2, 7 ) have presented 
evidence indicating a much closer relation betw^een flavor and fluorescence 
arising in the lipide fraction by reaction of lipide amines with aldehydes 
(5, 6). Fluorescence has been suggested as an index of storage deteriora- 
tion of dehydrated pork, dried banana, dried parsnip, ration biscuits, and 
blitter (22) and also for following developiment of rancidity in lard (10). 

Only very meager data are available on the fluorescence of milk, dairy 
products or milk constituents. It is ivell knoivn that normal fresh milk 
emits greenish-yelloiv fluorescence when irradiated with ultraviolet light 
(3, 30) and that this fluorescence is due principally to riboflavin (34, 44). 
Gerngross and Sclmltz (9) observed that iiTadiatioii of milk causes an 
alteration in fluoreseenee from yelioiv to blue, perhap>s by conversion of 
riboflavin to lumichrome (17), although EaouPs (31) data do not substan- 
tiate this explanation. Radley (29), finding that severe heat treatment 
and roller drying of milk shifted its fluorescence to the blue, attributed 
this change also to a breakdown of riboflavin. 

To date the only published quantitative data on the fluoreseenee of 
milk other than that due to riboflavin are those of Pearce (22, 23), who 
studied the salt-soluble fluorescent compounds of defatted^ dry w^hole milk. 

Beceived for publication J anuary 20, 1948. 

1 Paper no. 2370, Scientific Journal Series, Minnesota Agricultural Experiment Sta- 
tion, St, Paul. 

2 It is not clear in tlie original just what solvent was used to extract the fat or how 
complete an extraction was attained. 
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He foimcl: (a) greater initial blue fluorescence in extracts irom sx^ray 
dried than in those from roller dried milks and (b) decided increases iix?on 
storage. Since the increase in fluorescence was only slightly correlated 
with loss of palatability, Pearce (22, 23, 24) has concluded that fluores- 
cence is not a satisfactory index of palatability in milk powder. 

The fluorescence of the lipides of milk has not been studied extensively. 
Morgan and MacLennan (19)’' found that the fluorescence of butter and 
biitterfat is yellow in contrast to that of margarine, which is blue, and 
Pearce (22) has reported a decidedly greater blue fluorescence in a butter 
sex’um (in 10 x^er cent x)otassium chloride solution) from rancid than from 
fresh butter.'^ This latter observation has been made the basis of a method 
for assessing deterioration in butter (11). 

The fact that several proteins, including casein, exhibit fluorescence 
when illuminated with ultraviolet has been demonstrated by Reeder and 
Nelson (32) and also by Vies (39). 

The wwk reported in this paper represeuts an attempt to develop a 
method .capable of distinguishing among blue fluorescing materials pro- 
duced in milk by such reactions as (a) Imeakdowui of riboflavin or other 
reactions xxroducing soluble blue-fluorescing material (b) li|3ide-ainine- 
aldehyde interaction, and (e) intei'action of protein and sugar. It was 
hoped that such a method would xxrove of value in followiiig the course of 
storage deteriorations of dry milk products and possibly might serve as an 
^ objective eiuterioii of ixalatability changes. 

■METHOn,'. 

III. attempting to segregate fluorescing compounds from the several pos- 
sible sources, a standard emxxirieal method was devised involving fraction- 
ation of the constituents of milk into four categories: (I) those soluble 
in 67 per cent acetone; (II) those insoluble in 67 per cent acetone but 
soluble in acetone-ether (20:80) ; (III) those insoluble in (I) or (II) but 
soluble in 10 per cent potassium chloride; and (IV) those insoluble in (I), 
(II), or (III). This method is axiplieable to fluid milk or to dry milk re- 
constituted to a fresh basis. For dry wliole milk, a 4-g. sample may be re- 
constituted by shaking Avith 31 ml. of distilled water. 

The fractionating procedure is as follows : Add two volumes of acetone 
to one volume of milk or reconstituted milk, mix thoroughly, and filter 
through 15 cm. paper (S. and S. no. 597) ■which prcAdonsly has been ex- 
tracted exhaustively with 67 per cent acetone (2 acetone + 1 Avater). Wash 
the precipitate on the filter Avith tAA^o successive 10-ml. portions of 67 per 
cent acetone and make the combined filtrate and Avasliings up to 100 ml. 
Avith 67 per cent acetone. This constitutes extract I. 

3 See also review by Beribere (4). , 

•^It is not stated wlietlier tlie sainihe exliibited hydrolytic or oxidative rancidity. 
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Grind the precipitated residue from the first extraction with 20 nil. of 
C.P. acetone, transfer to a 250-inl. Erlenme:^"er flask stoppered with a foil- 
covered cork, shake mechanically for 10 minutes and filter through 15 cm. 
.paper (S. and S. no. 597). Further extract by shaking meehanically for 
10 minutes with each of two successive 40-ml. portions of anhydrous ether. 
The combined acetone-ether filtrates made up to 100 ml. with ether con- 
stitute extract II. Although the solvent extracts small amounts of fluo- 
rescing material from the filter paper, no appreciable error is introduced 
if the blank is filtered in the same manner as the sample. 

Dry the remaining protein residue by exposure to air at room tempera- 
ture for 1 hour. Shake a 1-g. sample of it with 25 ml. of 10 per cent 
potassium chloride solution for 10 minutes and filter, again using S. and 
S. no. 597, 15 cm. papen A¥ash the residue witt^^ two successive 25-ml. 
portions of the 10 per cent potassium chloride solution and make tip to 
100 ml. with 10 per cent potassium chloride. This is extract III. The 10 
per cent potassium chloride does not extract fluorescing materials Itoiii the 
paper. 

Extracts prepared in this manner were crystal clear. It will be noted 
that extract I is essentially identical to the filtrate used by Hand (12) for 
deteimiination of riboflavin. To determine riboflavin, prepai*e tubes as 
follows and measure their fluorescence with the Coleman, photofluorometer, 
using filters B-2 and P(7--2 (see Hoffer et aL (15)). 


Reading 'A- 


o~ 


-1 ml. filtrate ~f’ 9 inl. 67 per cent acetone + 1 ml water 
-1 ml, filtrate + 9 ml 67 per cent acetone + 1 ml ribofla- 
vin solution containing ly /nil 

-Same as P but with fluorescence quenched with approx- 
imately 20 mg. of sodium hydrosulflte. 


Then : 


A-C 

B-A 


= y riboflavin per ml filtrate 


B-A 


rP<' 


100 100 


= ing. riboflavin per 100 g. powder. 


1000 4 

Determine blue fluorescence in each extract with the Coleman photo- 
fluorometer using filters 2^-1 and PC-1. Adjust th e galvanometer to read 
70 with a quinine sulfate solution containing 0.2y/ml Make blank deter- 
minations and. report results in terms of net galvanometer readings multi- 
plied by any necessary dilution factor. 

For fresh whole milk and fresh dry whole milk it usually was necessary 
to dilute an aliquot of the acetone extract with an equal volume of the 67 
per cent acetone solvent in order to obtain a reading on the scale. The 
ether and potassium chloride extracts from these products gave readings 
on the scale without dilution. In many aged samples, eoiivsiderable dilii- 
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DILUTION OF SAMPLE (ML. PER 10 ML.) 

Fra. 1. Eolation of fluorescence to dilntion of extracts I and III. Indicated all 
quots of the extracts were diluted to 10 ml. for fluorescence determination. 

a sample diluted by ten times and reading 82.5 with a blank of 31.5 would 
have a net fluorescence of (82.5 - 31.5) x 10 or 510. This procedure appears 
iustified by the fact that over the range covered by the instrument the 
relation between net fluorescence and concentration of the acetone or po- 
tassium chloride extracts is linear and passes through the origin, as is 
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MATERIALS 

1. Dried milJc was prepared from University herd milk with the experi- 
mental drying equipment of the University of Minnesota. 

2. Casein was prepared from fresh skim milk by the method of Van 
Slyke and Baker (38) as modified by Van Slyke (ST), with the exception 
that the extraction with fat solvents was omitted. Calcium phospho- 
caseinate sols, used as a base for several series of simplified systems, w^ere 
prepared by dispersing 100 g. of dry casein in 3 1. of saturated lime-water, 
chilling in an ice bath and adding slowdy with vigorous agitation 350 ml. 
of a solution containing 2,98 g. magnesium oxide, 34.47 g. potassium di- 
hydrogen phosphate and 21.95 g. citric acid moiiohydrate per liter. Dur- 
ing this back titration the following materials: also W'ere added : 1.014 g. 
potassium sulfate, 1.260 g, potassium carbonate, 5.600 g. sodium chloride, 
1.264 g. potassium chloride, and 3.556 g. calcium hydroxide. The final pH 
of the sol was 6.7 ; it was very milky and reasonably stable. 

3. Milk serum protein w- as prepared by removal of casein from skim 
milk with acetate buffer at pH 4.7, followed by exhaustive dialysis of the 
serum, coneentration by pervaporation, freezing, and drying from the 
frozen state. 

4. The employed w^as of USP gTade. 

5. usually w^as obtained by rendering butter and decanting 
and filtering the fat layer. For one experiment a sample of fat w^as ex- 
tracted from whole milk by a macro-adaptation of the Koese-Gottlieb 
method. Milk fat was incorporated into the simplified systems by emulsi- 
fication with a hand homogenizer. 

6. The pliospliolipide-protein-complex constituting the so-called ^^fat 
globule membrane’^ was obtained by concentrating and drying from the 
frozen state the buttermilk and butter serum obtained by churning cream 
waslied by the method of Jemiess tod Palmer ( 16) . 

7 y Riboflavin "was obtained fi*om the Eastman Kodak Company. 

8. Aseoriic acid w^as obtained from Hoffmaim-LaRoche, Inc. 

EXPERIMENTAL 

Partition of milk constituents among the vaynous fractions. Some 
analyses of the several extracts were undertaken to ascertain how the con- 
stituents of milk are partitioned by the method used. Ail of these analyses 
w-ere made on extracts from whole milk samples, six being dry . and one 
liquid. The data are presented in table 1. 

Extract I contains 36-43 per cent of the total dry matter of the 4-g. 
sample. The largest component of this dry matter is lactose ; in fact, nearly 
all of the lactose of the sample appears in this extract. Undoubtedly the 
failure to recover the lactose quantitatively in extract I is attributable 
to incomplete washing of the sugar from, the precipitate. The lactose de- 
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tenninatioiis \vere made by evaporating an aliquot of tlie extract nearly to 
dryness, making np a definite volume witli zinc sulfate and sodium liydrox- 
ide solutions according tp McDowell (18), filtering and determining 
lactose in the filtrate by the ehloramine-T method of Hinton and Maeara 
(14). 

Some nitrogenous material is present in extract I. The amounts of 
15.5 to 18.6 mg. per 100 ml. of extract eorreispond to 46.5-55.8 mg. per 
100 g. of milk (12 per cent solids) and hence are somewhat greater than 
the usual non-protein nitrogen content of milk. Of eoui’se extract I also 

TABLE 1 


Analyses of ext rads 



Extract I 

1 •• Extract II - 

Extract III 

Sample 

Pry 

matter 

. Nitrogen 

Lactose 

Dry 

matter 

Lljjide P 

Proteiic‘ 


(%0/ 

mm-plt') 

' (mfh/100 
ml.) 

(%0f 

xnmplc) 1 

(%0f 

Kfimplc) 

{mq./lOO 

( my. /.too 
ml.) 


I).ry whole milk 


1 




27.0 

4.12 


2 




28.1 

4.95 


3 

40.2 

18.2 


25.6 


74.0 

4 

42.7 

18.6 


25.8 


72.3 ■ 

5a 

36.4 

15.5 

29,Si> 

29.8<^ 

3.10« 

62.0 

1) 




28.0 


85.7 

■ c 




30.6 


. 54.4 ■ 

6 

39.4 


31.2i> 

2G.1 ' 



Lkpiid whole milk 

7ci 




V25.5 

j 2.55 

S3.0 


a Calculated as total nitrogen X 6.38. 

i> Lactose content of dry milk determined direetlj was 32,5 and 35.6% for samples 
Soi and 6, respectively. 

cMojonnier extract o.f snnix>le 5a yielded 31.2% fat and 27.7 mg. lipide P/100 g. fat. 
Onleiilations made on basis of solids in sample. 

contains riboflavin and undoubtedly a number of other minor solul^le con- 
stituents. It eoutains very little^ if any, fat. 

Extract II contains the bulk of the fat of the sample. The amormt of 
fat extracted in this ’way falls somewhat short of that extracted by the 
Mojonnier method. The amount of lipide phosphorus in this extract is 
only a .small fraction of that present in The milk and extractable by the 
Mojonnier method. 

The amount of dry matter extracted from 1 g. of defatted protein by 
the 10 per cent potassium chloride treatment amounts to 175 to 200 mg. 
The amount of nitrogen extracted by this treatment is equivalent to 54 to 
86 mg. of protein. Actually only a portion of this nitrogen represents 
protein, since it was found that for sample 5c, at least, only approximately 
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80 per cent of tlie nitrogen was nondialyzahle. Since tins extract eoiitaiiis 
no fat, the noii-nitrogenons portion must be composed of minerals and 
possibly lactose. 

The residue that is not dis|>ersed by 10 per cent potassium chloride un- 
doubtedly is largely protein. 

Fluorescence of milJc consfitiients. The fluorescent charaeteristics of 
several milk constituents were studied using the B-1 and PC-1 filters in 
the Coleman instrument. The plot of fluorescence of riboflavin solutions 
as a function of concentration in figure 2 shows a linear relationship. It is 

100 f 


Water or 
67% acetone 


80 


yj 60 


40 


Water 


Filters B-2 + PC-2 set at 
too with 20 mg./ too ml. 


0 O Filters B“1 + PC-1 set at 

70 with fluinine aulfote- 
0.2 mg./ilter 


0 jO 20 30 40 

RIBOFLAVIN CONCENTRATION (MG./ 100 ML) 

Fig. 2. Fluorescence of riboilfivin as a fimetion of concentration, 

evident that considerable of the fluorescence of riboflavin is tr^^^ by 

filter PC-1 and coiLseqnently that riboflavin accounts for a large portion 
of the fluorescence of extract I. 

Ill figure 3 the fluorescence of sevei’al milk fat solutions is plotted as a 
function of concentration. The relation is approximately linear. Pat ob- 
tained by Koese-Gottlieb extraction exhibits a much higher fluorescence 
than that prepared by churning and rendering butter. This comparison 
between churned and Roese-Gottlieb extracted fat had to be made with 
ether as solvent, because the Roese-Gottlieb extracted fat was not com- 
pletely soluble in the 20:80 acetone-ether mixture. Undoubtedly this 
, phenomenon, as well as the higher fluorescence of the Roese-Gottlieb ex- 
tracted fat, is due to the presence of pliospholipides. 
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The fat obtained in extract II from whole milk exhibits a net fluores- 
cence intermediate between those of the Roese-Gottlieb extracted fats and 
the churned fats, which is in aceoi’d with the previously established fact 
that extract II contains a portion but not all of the phospholipide of the 
milk. 

The data in table 2 show that both casein and milk serum protein sols 
in phosphate buffer exhibit blue fluorescence but that the latter fluoresces 
much more intensely. The fluorescence of milk serum protein prepara- 
tions may vary considerably, but the fluorescence exhibited by a given 



Fig. 3, Comparison of fluorescence of rendered buttcrfat, extracted fat, and extract 
II as a function of concentration. Fluorescence of tlie^ etlier blank was o.O ; tliat of the 
20: 80 acetone-ether was 12.0. 

preparatioa in pliospliate buffer is approximately identical to that in 
10 per cent potassium chloride solution at the same concentration. Casein 
alone is only slightly dispersible in 10 per cent potassium eJiloride^ but 
the portion that does dissolve exhibits a considerable fluorescence. 

Extraction of the defatted protein fraction of milk by the regular 
treatment with 10 per cent potassium chloride results in dispersion of only 
54-86 mg, of protein from a 1-g. sample, as may be seen in table 1. Fur- 
thermore, it was found that grinding of this material with the 10 per cent 
potassium chloride solvent is without effect on amount of fluorescent 
material extracted. Variations in the amount of protein extracted do not 
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TABLE 2 

Fluorescence of protein sols 


Milk serum protein sols 


Casein sols 


a samples of casein treated bv the method described herein for preparing extract 

in. " ' 

Grinding of casein samples mth 10% KOI was used in addition to the shaking em- 
ployed in the regular method. 

appear to be closely related either to the treatment of the product or to the 
fluorescence of the extract. 

Solntkms of lactose in water or ill phosphate buffer at iiH 6.6 and 
/X =^ 01 were found to fliioi’esee only negligibly more than the blank. 

Flmrescence of sif stems of milk constitiie^^^ In order to obtain fur- 
ther information on the contributions of the various milk constituents to 


TABLES 

Flmrescence of simplified systems of miTh constituents 


a Ratio of constituents was as follows: 1,00 casein : 2.15 lactose : 0.30 serum protein 
1.52 fat ; 0.04 E.G.M. ; 0.000075 riboflavin t 0.0010 ascorbic acid, 
b Letters designate replicate series. 

^ Eat globule ^ * membrane ^ \ 






. Net 

fluorescence 



System 

Constituents^ 

' Extract! 

Extract II 

Extract III 




!■ « 

B j 

C ! 

1 ^ 

B 

C 

: ■ 


I (per 4 g. complete system ) 

1 (per g» protein) 

■■■ ^ 

Phosphoeaseinate 


! 10.1 


1. . ■ 



1 B 

^ ' . '1 

1 + lactose i 

10.1 

I 16.0 

3.8 

; 1.7 

3 

3 ' 

7 

. 3, .■ .1 

2 + serum prot. 

15.3 

i 25,8 

3.5 

3.7 

4 

4 1 

16 

■ 4 1 

:2 -j-fat' ■ 

9.4 

: 17.7 

8.5 

9.3 

3 

3 1 

5 

' . 5 

4 4F.G.M.e 

.17.0 , 

1' '20.7 

10.4 1 

' 9.4 

4 

5 

5 

6 

5 -f serum prot. 

24.0 

32.0 

11.0 

' 10.0 

8 

■ 6':-| 

17 

'■ '7' 

6 + riboflavin 

51.0 

70.0 

! 10.0 1 

1 10.0 

6 

6 

15 

8 

7 + ascorbic j 

i 51.0 , 


1 :i0.0': 


8 

6 


Usual value for fresh dry 
whole milk 

100.0 

11.0, 


12.0 



Sample 

Cone. 

Net 

fluorescence 

Sample 

Cone. 

Net 

fluorescence 


(g./lOO ml.) 



(g./iOO ml.) 


In phosphate 


In phosphate 



at pH 6.6 



at pH 6.9 



1 

0.94 

19.0 

1 

0.54 

23.0 

f) 

0,47 

10.0 

2a 

0.78 

88.0 

3 

0.23 

5.5 

21) 

0.39 

48,5 




2g 

0.20 

25.0 

Fraction soluble 
inl0%KCl 

1 


In 10% KCl 



Regular^ 

0.0063 

5.0 

2a '.... 

0.77 

Too high 

1 grmdingi^> 

0.0207 

17.5 

21) 

0.38 

49.5 

3 grindings*> 

0.0344 

21.0 

2a 

! 0.19 

24.0 
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tlie fluorescence of the several extracts, the staiulard inetliod deseribed 
ill this paper was applied to a series of simplified systems of milk constit- 
uents, each of which was dried from the frozen state. 

Table 3 gives the data for fluorescence of these systems, while table 4 
gives the contribution of each constituent to the fluorescence. For extracts 
I and II, fluorescence has been calculated on the basis of 4 g. of the com- 
plete system (f.c., the system containing all of the constituents), while for 
extract, III the data are expressed on the basis of 1 g. of protein taken 
for extraction. The fluorescence of extract I from the system containing 
all of the constituents mentioned approaches but does not attain that ob- 
tained from whole milk, Eiboflavin evidently is the major eoiitribntor to 
the fluorescence of extract I, although smaller increments of fluorescent 

TABLE 4 

Coniribnlions of eonstitnoits to fluoreacenee of ^simplified sifsfems of viillc eaiusfii narf^s 


C{)utriV)iition to ihiuvescenet* 


Oonstituent 

Extract I 

Extract II | 

Extract in 

B 

: ■ G ' ■ 

B 1 C 

A’ j B '1 , C , 


(2JB 

r 4 ih complete .su/,sOun) 

1 (per g, proteiii) 

Caseinate 


1 10.1 





■ .8 : 

Caseinate + lactose 

10.1 

16,0 

3.8 

1.7 

3 

3 , 

. . 7 

Serum protein.« 

^ ■ 4.2 

9.S. ' 

: -0.3 

2.0 

1 

1 

9 

Serum protein 

7.0 

t 11.3 

0.6 

0.6 

■ 4 

1 

12 

Milk fat 

-0.7 

1,7 

4.7 

7.6 

0 

0 


F.eT.M 

... 7.6.' :■ 

3.0 

1.0 

0.1 

■ .,."1 

'9 

0 

Riboflavin 

27.0 

38.0 

j -1.0 

0.0 

— ' I 

0 

- 2 

Ascorbic 

0.0 


'•0.0 . 

1 

2 

0 



a First value given for serum protein is computed as difference between systems 2 and 
3, the second as difference between systems 5 and 6. 


materials are extracted from the pi^oteiiis. The serum protein preparation 
used ill series C evidently carries more fluorescing materials than that used 
ill series B. 

Tables 3 and 4 shew that the fluorescence of extract II is due prin- 
cipally to the lipides and that the characteristic fluorescence of whole milk 
extracts is satisfactorily reproduced in systems containing milk fat and fat 
globule ^‘membrane’’. The proteins or materials associated with them in 
the defatted residue are responsible for the fluorescence extractable by 10 
per cent potassium chloride from that residue. As expected, fat and ribo- 
flavin contribute nothing to the fluorescence of this extract. 

Fluorescence of tvhole milk and the influence of processing. The 
method described herein was applied to 32-ml. samples of liquid whole millv, 
skim milk and butter milk, all from the same lot, and also to 4-g, samples 
of dry whole milk, dry skim milk, and dry buttermilk from a second lot. 
Table 5 indicates that the fluorescence of extract I from these products is 
approximately equal when expressed on the basis of fat-free solids in the 
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TABLE 


Comparison of fluorescence of extracts f rom whole milli, slmn mWCj mid hiittermUh 


Net fluorescence 


Biboflavin 


Sample 


Extract I 


Extract II 


Extract III 


(per ff. 
defatted 
protein) 


(per 4 g, 
solids) 


(mg./ 100 
g. solids) 


Series I — Liquid 

Wliole milk 

Skim milk 

Buttermilk 


Series II — Dr 
Whole millv 
Skim milk 
Buttermilk 


sample. Buttermilk yielded the most fliioreseing materials in extract II, 
probably because o£ its higher phospliolipide content, but the reason for the 
high fluorescence of extract III from buttermilk is not ai^parent. Further- 
more, the authors are unable to account for the anomalous relations ex- 
hibited by extracts II and III of the skim milk samples in that the liquid 
and dry samples differ considerably. 

The effects of variations hi xiasteurizatioii temperature, of condensing, 
and of spray drying were studied on a lot of mixed whole milk. The 
sample size was adjusted to furnish 4 g\ of solids in each case. The results, 
shown in table 6, indicate that heat treatment in the range of 145 to 195"^ F. 


TABLE 6 

Effect of heat treatment, condensing and drying on fl/uoresccnee of extracts 


Pasteurization 
temp, for 
30 min. 


Net fiuorescenee 


Sample 


Riboflavin 


Extract I Extract II Extractin' 


( t'^er g, 
defatted 
protem) 


(mg,/ 100 g, 
solids) 

0.99 

1.05 

1.05 

1.09 

1.10 
1,10 
1.15 
1.22 
1.10 


Whole milk 


Condensed 
Spray dried 

Spray dried 

Normal 

Spray dried 
High temp, . 
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for 30 minutes has some effect in increasing fluorescence in extract I, pos- 
sibly some in extract III, but none in extract II. The effects of condens- 
ing and spray drying, if any, do not appear to be very marked. 

In another experiment, also recorded in table 6, in -wiiicli pasteurizing 
treatments of 150 and 185° F. were combined with normal and high tem- 
perature drying conditions, no significant effects of either treatment on 
fluorescence were noted. 

DISCUSSION 

While the procedure adopted for fractionating the constituents of milk 
is rather empirical, it is felt that a reasonable approach has been made to de- 
temining wdiich of those constituents are capable of emitting blue fluores- 
cence when illuminated with ultraviolet. Furthermore, it is considered 
that the scheme which has been evolved may prove of use in following 
changes occurring during storage of dry wiiole milk, 

Kiboflavin appears to be the principal fluorescent material of extract 
I hut very evidently certain other materials also are involved. In the sim- 
plified systems some of the ‘^non-riboflavin fluorescence'’ w’as contributed 
by the protein preparations used, but any speculation on the nature of the 
specific protein fraction that may be responsible for this effect is fruitless 
at pi'esent. Whole milk evidently contains fluorescent materials soliilile in 
67 per cent acetone other than those included in the simplified systems, be- 
cause in no case did the most complete simplified system yield fluorescence in 
extoct I equaling that of wdiole milk. 

The fluorescence of extract II appears to depend, in part, on its pbos- 
pholipide content. Evidently the major portion of these lipides is not ex- 
tracted at all but remains in the final residue. Consequently, variations 
in the fluoz’escence of this extract might be expected to depend on the ex- 
tent of extraction of phospholipides. The most satisfactory scheme w’ould 
be one w^hich extracted all of the phospholipides, but under the empirical 
conditions used, the proportion of phospholipide extracted probably is 
sufficiently constant so tliat no great variations in fluorescence are intro- 
duced from that cause. 

Ten per cent potassium chloride disperses a fraction of milk protein 
wdiich is associated with a certain amount of fluorescing ability. No ex- 
haustive attempt was made to determine just wdiich protein fraction is 
involved. However, the data secured on fluorescence of milk proteins in 
10 per cent potassium chloride indicate that both casein and at least some 
of the serum protein fractions are involved. Here again it might be argued 
that the ideal situation would be to disperse all of the protein in extract 
III, leaving no undispersed residue, but to date it has not proved possible 
,to prepare such a dispersion that is satisfactory for fluorescence measure- 
ments. 

The data fail to indicate any pronounced change in fluorescence proper- 



ties during the processing involved in manufacture of dry whole milk. The 
procedure employed in this study is being applied to following the changes 
occurring during heat treatment of milk and storage of dry whole milk. 

SUMMABY AND CONCLUSIONS 

A method is presented for evaluating the fluorescence characteristics of 
milk by fractionating the constituents of milk into (I) those materials 
soluble in 67 per cent acetone, (II) those insoluble in (I) but soluble in 
20 :80 acetone-ethex*, (HI) those insoluble in (I) or (II) but soluble in 
10 per cent potassium chloride, and (IV) those insoluble in (I), (II) or 
(III), and determining the blue fluorescence of the solutions of (I), (II) 
and (III). 

As might be. exi)eeted, riboflavin is the largest contributor to the 
fluorescence of extract I, although ixroteiiis and probably other constitu- 
ents also contribute. The lipides, particularly the phospholipides, are the 
fluorescent compounds of extract II, while the proteins contribute the 
fluorescent materials dispersible in 10 per cent potassium chloride. 

The normal processing of dry whole milk appears to be without effect 
on the fluorescence of these extracts. 
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THE EELATIONSHIP OP THE CHANGE IN pH EFFECTED BY 
INCUBATION TO OTHER SEMEN CHARACTERISTICS^ 

J. T. REID, 2 G. M. WARD, and E. L. SALSBUEY 
Neio Jersey Agriciiltural Experiment Station, Sussex 

A number of simple, rapid tests liave been applied to the evaluation of 
semen, although no single measure is presently recognized as an adequate 
index of fertilizing capacity. The reports of several workers ( 1, 2, 4, 5, 8, 
15, 17) would indicate that the initial ]3H of semen may be related to semen 
quality and/or used as a criterion of relative fertility. Significant cor- 
relations have been found between the initial pH and spermatozoa con- 
centration (1, 2, 3, 9, 14, 15, 17), .ejaculate volume (1, 2, 9, 17), spermatozoa 
motility (1, 2, 6, 9, 11, 17), sugar content (5) and buffer capacity (4) of 
semen, and the glucose loss, lactic acid gain and viability following in- 
cubation at 46.5"^ G. for 1 hour (17). The initial pH was inversely related 
to these semen characteristics. However, Swanson and Herman (16) found 
no appreciable relationship between the pH of fresh semen and conception 
■ rate. ' 

Although the initial i^H ivas found to be helpfxil in the evaluation of 
semen in a number of studies, several reports would indicate that the final 
pH and/or the cliange in pH effected by incubation and/or storage of 
semen provides a more satisfactory index (6, 11, 13, 19, 20). The final 
pH of semen following incubation at 37° C. and storage at 40° F. was 
correlated with the concentration, motility, oxygen consumption and fer- 
tility of spermatozoa (13) and the conception rate (11), respectively. Al- 
though Anderson (4) found no significant correlation between the change 
in pH upon incubating semen at 37° G. for 1 hour and the buffer capacity 
or specific gravity of semen, a high correlation was found bet-ween the 
change in pH and the spermatozoa concentration (6, 13), initial motility 
(6, 13), oxygen consumption (13) and fertility (13, 19, 20, 21) of 
spermatozoa. Measuring the drop in pH of semen stored at 27 to 29° C. 
and at 10° C., Dougherty and EAvalt (10) found the decrease in pH to be 
related to the motility and viability of spermatozoa. These workers showed 
that refrigeration and chemical inactivation, both of which inhibit motility, 
also prevent rapid decreases in pH. Several -workers (6, 18) believe that 
the change in pH of semen is a reflection of the general metabolism of sper- 
matozoa involving the number and activity of spermatozoa, respiration and 
glycolysis. For development of the maximum increase in acidity during 
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incubation, Anderson (6) suggested the necessity of a liigii coiicentration of 
actively motile spermatozoa, an adequate quantity of glucose ov otiier re- 
ducible sugar, and conditions favorable for the retention in the semen of 
acid pj'oduets, f.r., anaerobic conditions. 

The present study was initiated when it was observed that, of a large 
number of semen quality tests emi^loyed in this laboratory, the chaiige 
in pH during incubation seemed to be giving tlie best over-all estimate of 
semen quality. Since most of the data recorded in the literature represent 
a relatively limited number of ejaculates and since the relationships of the 
pH change to only a few semen characteristics are reported, the purpose 
of this investigation was to contribute additional data to the subject and 
to determine the value of the change in pH effected by ineubation as an 
index of semen quality, 

EXPERIMENTAL PROCEDURE 

The relationship of the change in ])H upon incubation of semen at 37^ 
C. for 1 hour to concentration, initial motility, and viability of spermatozoa 
and percentage of abnormal spermatozoa, was studied in 203 semen speci- 
mens from 11 bulls. The average sample consisted of 2.33 ejaculates 
(range, 1-5 ejaculates). 

Soon after the semen was ejaculated, the initial motility was estimated 
by using a constant temperature stage incubator adjusted to 100^ P., 
the initial pH was measured with a Beckman glass electrode potentiometer, 
and an aliquot of each sample was incubated at 37° C. for 1 hour, after 
which time the pH was measured again. The spermatozoa coneeiitration 
was determined with a cytometer, and the percentage of morphologically 
abnormal spermatozoa was estimated in fixed and stained semen smears. 
The initial motility ratings used in this study I’epresent gradations of 1 to 
20 units and are approximately equivalent to i}er eeiit motility clivided by 
five. Viability was measured as the x>erceiitage of the initial motility per- 
sisting at 100 hoims subsequent to ejaculation. 

RESULTS AND DISCUSSION 

The pertinent data obtained in this study are shown in table 1. Highly 
significant positive correlations were found between the pH change of in- 
cubated semen and each of the eharaeteristies, of concentration, initial 
motility, and viability of spermatozoa, whereas a significant negative cor- 
relation existed between the x>H drop and the percentage of morphologically 
abnormal spermatozoa. Of these semen characteristics, the concentration 
and initial motility of spermatozoa showed the highest degree of relation- 
ship to the decrease in pH. These correlation eoefScients (0.460 and 0.436, 
respectively) are remarkably similar to those reported by Anderson (6) 
(0.476 and 0.450, respectively). Prom a casual observation, these coeffi- 
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cieiits may appear to be low. However, they were calculated from the 
iiugroiiped data of individual semen samples. 

The multiple correlation coefficient (0.5658 ±: 0.0484) between tlie pH 
change and the four semen characteristics studied was highly significant. 
The pH chaitge of incubated semen would seem to have great potential 
worth in the evaluation of semen, since it is related to a number of dif- 
ferent characteristics. 

It long has been known that lactic acid foimiation occurs during the 
storage of semen and is accompanied by a de(3rease in the quantity of 
glucose or other reducing sugars, a reduction in motility and an increase 
in acidity (18). The incubation of semen increases the rate of these reac- 
tions, allowing measurable differences in the end-products within short 
periods of time. Since the rate and the extent of the decrease in pH were 
found to be proportioual to both motility and eoneentration of spermatozoa 
in this study as well as in others (6, 13), the pH drop effecBted by ineiibation 
appeared to be a qnaiititative reaction dependent upon the metabolic activ- 
ity of the individual spermatozoan and the total number of speniiatozoa pre- 
sent. This provided an indirect measxire of the over-all metabolism of 
semen. That the effects of the percentage of inorphologically abnormal 
spermatozoa reflect upon the change in pH of a semen spe(3imen is indi- 
cated by the inverse relationship between these two characteristics (ex)rre- 
lation coefficient = -0.324). This phenomenon, in -whieh a largi3 number 
of morphologically abnormal spermatozoa minimized the extent to which 
pH was changed, would suggest that these spermatozoa are participating 
in katabolism eitlier very little or not at all. Since deformed spermatozoa 
tend to impede the motility of the more normal ceils, they perhaps further 
inhibit the rate of metabolism of the total specimen, producing less lactic 
acid and other acid products, thereby resulting in a lesser degree of pH 
drop. Table 1 shows a liighly significant inverse relationship bet'ween the 
percentage of morphologically abnormal spermatozoa and the initial mo- 
tility. The abnormal spermatozoa commonly appear to survive the normal 
spermatozoa, as determined by the maintenance of inotility. This observa- 
tion would indicate the possibility of eiiergy conservation in abnormal 
spermatozoa and would be in accord with the observations previously dis- 
cussed. Some' studies suggest that results of measures of spermatozoa 
metabolism, such as the rate of respiration (18) and the rate of glycolysis 
(7-), provide the best single indications of fertility. However, the measures 
of oxygen consumption and products of glycolysis of spermatozoa are tedi- 
ous, necessitate special apparatus and conditions restricted to well-eqixipx^ed 
laboratories, and require personnel of specialized training, thereby limit- 
ing their field usage. A high degree of relationship exists bet%veen the 
pH change and oxygen consumption (13), a number of other semen char- 
acteristics and fertility (13, 19, 20, 21), It would seem that complex, 
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time consuming tests and tlie use of a large number of simple semen qtiab 
ity tests would be largely obviated by tbe nse of the pH change upon 
inenbation as a single measure of semen quality. Although a pH-meter 
was employed in this study, a series of indicators could be readily adapted 
to field use as suggested by Laing (13). Incubation of semen for 1 hour 
produces gTeater changes in semen pH than does incubation for 0,5 hour; 
however, some 'artificial breedingv units may find the shorter incubation 
period more compatible with their semen collection schedule. Informa- 
tion provided by this test would be available for the inseininator when 
needed, i.e.^ before dilution of the semen and before insemination of the 
cow. 

SUMMARY 

1. A study was made of tbe relationship of tlie decrease in pH during - 
incubation of 203 semen specimens composed of 473 ejaculates from 11 
bulls to other semen characteristics. 

2. Highty significant eoeffieieiils of correlation found between the change 
in pH and other characteristics of semen were: coiicentration of sperma- 
tozoa, 0.46; initial motility of spermatozoa, 0.44; viability of spermatozoa, 
0.21; and percentage of morphologically^ abnormal spermatozoa, -0.32. 
The multiple coefficient of correlation (0.57) between these tour semen 
characteristics and the drop in pll was highly significant. Tliese data 
suggest a significant i^elationsliip of the pH change in ineubated semen to 
a number of different semen cliaraeteristies and indicate Its value as an in- 
direct measure of over-all semen metabolism. 

3. The ^results of this studyq in combination with those of other in- 
vestigations involving fertility data,' would seem to indicate that the 
change in pH effected by incubation is probably the best simple, quick 
test of semen quality available at the present time. 

The authors are indebted to Prof. C. E. Shuart and Messrs. Martin 
Struble and I). Eby for the feeding and management of the bulls and many 
other services. 
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C, W. Turner, University of Missoim. 


400 JOXTENAIj of dairy science 

P5 Tliyi’oid Secretion Rate and Its Kelation to 

Physiological Processes. Victor HursTj University of 
MissourL 

P6 The Effect of Low Levels of TlnToprotein Feeding 
upon Milk and Milk Pat Production,, Body Weighty 
Body Temperature, Heart Rate and Respiration Rate 
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Agriculhiral Expermr^^ 

PIG Tlie Value of Oxytocin for Reducing Fiuct.uations in 
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Brody, D. M. Worstell^ H, H. Kibler^ and A. C. 
Ragsdale, University of Missouri. 

P19 A Biochemical and Histo-pathologieal Study of Ketosis 
in Dairy Cattle, J. C. Shaw, B. C. Hatziolos, and V. 
P. Saarinen, University of Maryland. 

P20 A Study of Sampling at Various Stages of Milking in 
Determining the Bacterial Flora of the Udders of 
Dairy Cows. E. M. Kessler, G. B. Knodt, and J. T. 
MmT>, 'Fennsylvania State 

P21 A Permanent and Convenient Rumen Fistula for Dairy 
Cows. G. E. ^Stoddard and N. N. Allen, University 
of Wisconsin. 

P21-a Studies Bearing on the Bloat Problem. H. li. Cole 
and Max Kleiser, University of California. 

4:30- 5:30 COMMITTEE MEETINGS. 

Tuesday, June 15 
Morning Session 

9: 00-12:00 SECTION A, CALF PROBLEMS. G, H. Wise, CTiainmn. 

P22 Calf Losses ill a Self-contained Herd over a Period of 
ITYeai’s. R. E. Johnson, E. L. Jungherr, and W. N. 
DhASTRmGE, University of Conneotmd. 

P23 The Effect of Prepartum Vitamin A Supplementation 
on the Newborn Calf. A. A. Spielman, H. D. Eaton, 
J. K. Loosli, AND E. L. Turk, Cornell University. 

P24 The Utilization of Fetal Liver Stores of V itamin A by 
the Newborn Calf. A. A. Spielman, H. D. Eaton, 
R. E. Johnson, L. D. Matterson, and R, J, Slate, 
University of Gonmectiout 




P25 
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Effect of the Method of Administratioii of Carotene 
and of Vitamin A upon the Eate at Whmh They ^ re 
Ahsorhed from, the AlimentaxT Tract of Dany Calves^ 
M T, .T4f!OBS0N. G. H. Wise, and K. S. Allen, loma 


State College. 

P26 Some Irregular Fluctuations in the \ itamin A Let el 
of Blood Plasma Produced in Calves by Lation 
Changes. W. C. Jacobson and J. W. Thomas, Bureau 

of J)aAtg Industry, li .8.B. A. 

P27 Influence of the Ration on Some Blood Vitamin Con- 
stituents of the Young Dairy Calf. John V . Hums 

AND W. D. Pounden, Ohm . 

Station. 

P28 Influence of the Ration on the Digestive Tract Ma-ro- 

organisms of the Young Dairy Calf. W. D. Poendbn 

and John W. Hmns, Ohio Agricultural Expermient 
Station. , 

P29 Relation of Aerobic Baetcrial Flora to Consistency of 
Feces. M. D. Van Pelt, R. E. Johnson, and V. A- 







P30 


P31 


9 : 00 - 12 ; 00 


Raising Dairy Calves without Colostrum. J. T. Miles, 

S. A. Hinton, and Homer Patrick, Vnwersiiy o] i en- 

nesseo. 

A Comparison of Com Starch, Dextrin and Corn Sugar 
as the Principal Carbohydrate Source in Synthetic j^- 
tions for Calves. R. J. Pupse, C. F. Huffman, C. V . 
Duncan, and F. Thoed, Michigan State College. 

P32 Effect of Tryptophan in the Diet on the Excretion of 

Niacin and its Metabolic Products in Dairy Calves. G. 

0. Esh and T. S. Sutton, OMo State University. 
Performance of Calves on a Photolysed Milk Diet. E- 
G. Warner and T. S. Sutton, Ohio State Unimrstty. 

Anemia in Young Calves and Its Alleviation by Iron. 
W. C. Jacobson and Ij. A. Moore, Bureau of Dairy In- 
dustry, U.8.D.A. 

Paul H. Phillips, Discussion Leader. 

Section B, ARTIFICIAL BREEDING. L. A. Moore, 
Chairman. 

P35 A Method of Evaluating Bull Semen. Tom LuDvricK, 
D. Olds, and M. Carpenter, University of Kontuchy- 


P33 


P34 
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P36 Vital Staining of Bovine Spermatozoa with, an Eosiii- 
aniline Blue Staining Mixture. H. E. Shapper and J. 

O. Almquist^ Pennsylvania State College. 

P37 Turbidometric Assay of Hyaluronidase in Bull Semen. 
John P. Mixner and James E. Johnston, New Jersey 
Agrimlhiml Experiment Station. 

P38 Hjmluronidase and Bull Semen. J. E. Johnson, E. J. 
Stone, and J. P. Mixner, New Jersey AgrimUural Ex- 
'' periment Station. 

P39 Effect of Testis Biopsy on Semen Cliaracteidsties. J. 

P. Sykes, W. J. Sweetman, and P. C. Underwood, 
Bureau of Dairy Inclustry^ U.S.D.A. 

P40 Spermatozoa Behavior in Bovine Cervical Mucus at 
Varying Stages of Estrus. H. A. Herman and Otis 
H. Horton, UnivcrsUy of Missouri. 

P41 Varying the Proportion of Egg Yolk in Diluters for 
Bull Semen. Eric W. Swanson, University of Ten- 
nessee. 

P42 A Study of the Types of Bacteria in Bovine Semen 
and Their Effect upon Motility. J. E. Edmondson, Iv. 
L. Taldman, and H. a. Herman, Univtrsity of Mis- 
, , souri : 

P43 Effect of Penieillin upon the Fertility of Semen from 
Relatively Infertile Bulls. J. 0. Almquist, Pennsyl- 
vania State College, 

P44 Breeding Results with Bovine Semen Treated with 
Vaiying Amounts of Thyroxine. A. B. Schultze and 
H. P. Davis, University of Nehrasha. 

P45 Measuring Breeding ElSSciency by Pregnancy Examin- 
ations and by Non-returns. Cl. R. Barrett, L. E. Ca- 
siDA, AND C. A. Lloyd, Unwersity of Wisconsin. 

P46 Order Number of Insemination and Conception Rate. 
G. R. Barrett, C. A. Lloyd, and R. A. Carpenter, 
University of Wisconsin. 

G. W. Salisbury, Discussion Leader; 

Tuesday, June 15 
Afternoon Session 

1:30-4:30 JOINT MEETING WITH EXTENSION SECTION. 
E. H. Loveland and G. H. Wise, Co-Chairmen. 

Symposium — ^Reproductive Problems in Dairy Cattle. L. A. 
Moore, Leader. ' 
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1. Infectious Disease as a Cause of Infertility. I). E. 
Bartlett, Bureau of Ajuimal Industry ^ ZJ.S.D.il. 

2. Fiinetionai Causes of Infertility and Methods of 
Treatment. 

a. Hormone Disturbaiiees I S, A. Asdell, Cor- 

b. Nutrition Disturbanees f mil ll'niverdiy, 

e. Inheritance. L. O. GiiMom. UmversUy of 

Mi/nnesota. 

3. Possible Modes of Approach to a Study of Inf ertility, 
J. P. Sykes, Bureau of Dairy Industry^ ILS.D.A, 

4. Activities of the Eeprodnetion Committee of the 
Dairy Cattle Breeding Resea ndi Couneil of the Pure- 
bred Dairy Cattle Association. P. H. Phillipb., 
University of Wisconsm. 

4:30- 5:30 COMMITTEE REPORTS. 

Dairy Cattle Health Committee, L. A. Moore, Chmrman, 

Dairy Cattle Breeding Conmiittee, E. J. Pi^rby, Chmrman, 

Breeds Relations ComwMtee. H. A. Herman, Chairman, 

1. Program of Purebred Dairy Cattle Association. G. A. 
BOWLING;, /S'ec.-Treasv 

Wednesday^ dime 16 
Morning Session 

9:00-11:00 Section A, PARTURIENT CHANGES IN BLOOD 

AND IN MAMMARY SECRETIONS. G. H. Wise, 

Chairman, 

P47 The Effect of Udder Inflation of Cows with Parturient 
Paresis on Blood Calcium, Magnesium and Inorganic 
Phosphorus. Vearl R. Smith and R. P. Neidermeier, 
University of Wisconsin, 

P48 A Study of Citric Acid Levels in the Blood and Urine 
. of Cows at Time of Parturition. T. H. Blosser, Yeabl 

E. Sahth, and H. a. Lardy, University of Wisconsin. 

P49 The Effect of Prepartmii Milking on Some Blood Con- 
stituents of the Cow, E. B. Johnson, H. D. Baton, 
a. a. Spielman, L. D. Matteeson, and R. J. Slate, 
Ihiiversity of Connecticut. 

P50 A Study of Some Blood Constituents of Cows not 
Milked Following Parturition. R. P. Neidermeier and 
Yearl R. Smith, Umversiiy of Wisconsin, 
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P51 The Effect of Prepartiirient Milking on the Composi- 
tion of Colostrum. A. H. Van Landingham, C. B. 
Weakley, R. A. Ackerman, and George Hyatt, Jr., 
West Virginia Tlniversity, 

P52 The Effect of Prepartum Milking on the Carotene and 
Vitamin A and Proximate Composition of Colostrum. 
H, D. Eaton, A. A. Spielman, R. B. Johnson, L. D. 
Matterson, and R, J. Slate, Unversity of Connecticut. 
P53 The Carotene and Vitamin A and Proximate Composi- 
tion of Portions of the First Milking Postpartum. H. 
D. Eaton, A. A. Spielman, L. D. Matterson, R. B. 
Johnson, and R. J. Slate, University of Connecticut. 
P54 The Effect of the Form of Vitamin A and of Toco- 
pherol Supplements of the Ration on the Concentration 
of Vitamin A and Carotenoids of Colostrum and Early 
Milk. D. B. Parrish, George H. AVise, and J. S. 
Kansas State College. 

T. S. Sutton, Discussion Leader. . 

9 : OO-ll : 00 Section B, FORAGES, HAY* L. A. Moore, Chairman. 

P55 Comparison of Barn-cured and Field-cured Alfalfa 
Hay. Gilbert H. Rollins AND Paul M. Reaves, T%- 
ginia Polyteehnic Institute. 

P56 Studies on Mow Cnrhig of Baled Hay. W. A. King, 

J. W. AA^ilbur, S. M. Hauge, and A. W. Cooped, Pur- 
due TJn/iversity. 

P57 Stack Finishing of Baled Hay with and without Heat. 

K, A. Kendall, W. B. Nevens, and J. H. Ramseb, 
versity of Illinois. 

P58 Conservation of Nutrients and Feeding Value of Wilted 
Silage, Barn-cured Hay and a Poor Quality Field-cured 
Hay. J.B.Shef.herd,L. G.Schoenleber, H. 6. AVise- 
MAN, C. Gt. MeLIN, AV. J. SWEETMAN, - AV. H. HoSTER- 
MAN, AND H, Biireau of D Industry; 

Bureau of Plant Industry^ Soils and Agricultural En- 
gineering; and Prod^iction and Marheting Adminis- 
... tration. 

P59 Vitamin D Content of Fox’ages as Affected by Various 
Curing Procedures. J. AV. Thomas and L. A. Moore, 
Bureau of Dairy Industry, V.S.D.A. 

P60 Comparison of Early-cut and Late-cut Lespedeza Hay 
for Milk Production. C. E. AVylie, J. A. Ewing, 


JOURNAL OP DAIRY SCIENCK 

Eric W. Swanson, and J. N. Maddux, JJnmnitu of 
Tennessee. 

P61 Tlie Influence of Various Hays on tlie liofluction, 
Vitamin Content, and Flavor of Milk. J. K. Loosli, 

• V. N. Krukovsky, and G. P. Lopoeeen, Cornell Im- 

versify . 

P62 Comparison of Digestion Coeificients of Sunmured and 
Mow-cured Hays from the Same Field. 0. M. Caai- 
burn, UniversH}! of Ycrmont. 

12:00 business MEETING. 

Wednesday, June 16 
Afternoon Session 

-3:00 Section A, FEEDING AND MANAGEMENT. G. H. 
Wise, Oliairmmi. 

P63 Lactating Factors for Dairy Cows in Dried Grapetrmt 

, Peel. R.N. Davis AND A. R. IDommeree, r/tt^ 

Arizona. 

P6d The Growth of Dairy Heifers Reared on Maxiinmn 
Roughage with Varying Amounts of Gram. O. i. 
Stalloup, H. a. Herman, and A. C. Ragsdale, L nwer- 
sity of Missouri. 

P66 Wintering Dairy Heifers on Legume Hay. S. A.^ Hin- 
ton, J. T. Miles, and C. E. Wytae, Uniuersihi/ of Ten- 

' nessee. 

P67 Observations on Calves Dehorned wuth Antimonj" in- 
chloride-salieylie Acid-collodion Preparation. 
Stoddard, ,Vniver.nty of Wisconsin. 

P68 Comparison between V arions Methods of Cooling Dairy 
Cows in Summer. D. M. Seath and G. D. Miller, 
Lotiisiana Agricultural Experiment Station. 

P69 Relationship of Management to the Let-dowm. of Milk. 
C. E. Knoop, Ohio Agrieultural Experiment Station. 

P70 The Effect of Time of Milking after Milk Excretion on 
Total Milk Production. G. M. Ward and Vearl R. 
Smith, University of Wisconsin. 
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1:30- 3:00 Section B, FORAGES, PASTURES. L. A. Moore, CJiair^ 
man. 


P71 Silage or Winter Pasture for Dairy Cattle. C. E. 
Wylie, S. A. Hinton, and L. R. Neel, University of 
Tennessee. 


P72 Sweet Sudan as a Forage Crop for Dairy Cattle. 
K. A. Kendall and W. B. Nevens, University of 
Illinois. 


P73 Pastures in Relation to Dairy Development in ttie 
Soutli. R. H. Lush, University of Tennessee. 

P74 Irrigated Pastures for Dairy Cows. John Ewing, 
Nelson Maddux, C. E. Wylie, and R. H. Lush, Uni- 
versity of Te.nnessee. 

P75 Increasing the Production of Permanent Pastures 
through Renovation. J, B. Shepherd, E. B. Wagner, 
R. E. Hodgson, W. J, Sweetman, and C. 6 . Melin, 
Bureau of Dairy Inchisti^y and B%ireau of Plant Indus- 
try ^SoilSy and Agriciilkiral Engine^^^^^ 

P76 Effect of Intermittent and Limited Winter Grazing of 
Rye Pasture on the Carotene and Vitamin A Content of 
Cows’ Milk. R. G. Washburn and C. P. Monroe, 
OMo Agriciiltural Experiment Btaiion. 


7:00 Arnpimieatre, 

PROGRAM OF EXTENSION SECTION 
Monday^ June Id 
Afternoon Session 


1: 30- 4:30 RECORDS AND INTERPRETATION. E. H. Love- 
land, 

Opening Business Session. 

El Report of Dairy Records Committee. Charles Gear- 
Pennsylvania State College. 

E2 Seven Years of Central Laboratory Testing. J, B. 
BTQjjiiknr>^ University of 

Discussion. 


3:00- 


5:00 GENERAL BUSINESS SESSION. AuMtorium, Dawson 
Hall. 
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Tuesday^ June 15 
Morning Session 

9:00^-12:00 TEACHING METHODS AMD EXHIBITS*— G. Hee- 

’BmKjGliawmmi, 

B3 Report of CWmittee on Teaeliing Metliods. I. L. Far- 
kin, Pennsylvania State College. 

B4: Interdepartmentai Gooperation on Dairy Extension. 
Evert Wallenpeldt, George Werner, and Carl 
Neitzke, Vniversity of Wiscomin, 

Explanation and Discussion of Exhibits, AMdMormm^ Daw- 
son Hall 

Afternoon Session 

1: 30- 4:00 JOINT MEETING OF EXTENSION AND PRODUC- 
TION SECTIONS. B. IL Loveland and G. H. Wise, 

(See PiY>dueAion Section Prograi^^ 

Wednesday^ Ju7ie 16 
. Morning Session 

9:00-11:00 4-H CLUB AND TESTING RULES. E. H. Loveland, 

■ Chairman , ' , ' 

E5 Systems .Used in Obtaining 4-H Giiil) Calves. Ralph 

E6 National and Regional 4-H Dairy Contests. M, J. 
Vniversity of Missouru 

E7 Adoption of Practices as the Eesnlt of 4-H Dairy Work. 

J: Q,liiMrmr^^ Penm’\flvQma Stale GMege. 

E8 Suggested Revision of D.HJ.A, Rules and Regulations. 
Charles Gearhart, Pea a ia Stale Callege. 

Discussion. 

Afternoon Session 

3:00- 5:00 GENERAL BUSINESS SESSION, AuMtoriim, Dawson 
Hall 

BARBECUE, Amphitheatre, 


7:00 



THE SPECTEOPHOTOMETRIC DETERMINATION OP THE 

GOLOR OP MILK 

VICTOR NELSON 

Central liesearch Department, Food MacMnery Corporation, San Jose, California 

In the commercial manufacture of evaporated milk, considerable effort is 
given to the production of milk of uniform quality throughout the year. 
While ideas on quality vary, flavor, color and viscosity general^ are re- 
garded as the chief factors in quality rating. 

In order to have a record of quality ratings, some method of measurement 
must be used which can be related to an accepted standard. Viscosity can 
be determined easily, but color and flavor have been difficult to rate, since 
no convenient or wholly satisfactory standards have been available. In most 
laboratories color and flavor remain a matter of the personal judgment of 
the inspector. However, color can be referred to known standards. The 
purpose of this paper is to report on the spectrophotometer as a means of 
evaluating the color of evaj)orated milk and related products. 

METHODS AND APPARATUS 

Some years ago Webb and Holm (4) and moi*e recently Bell and Webb 
(1) measured the color produced in the processing of evaporated milk by 
means of the Munsell system of disc colorimetry. - This system is relatively 
convenient, inexpensive and fairly accurate in its specifications of color. 
However, its lack of high sensitivity excludes it from the measurement of the 
minute changes in color which accompany variations in the heat processing 
of milk, especially those changes occurring at the lower temperatures, 
>.ig.,,af220° P.. ' 

111 recent years several speetrophotonieters of relatively low cost have 
been introduced, and among these the Beckman provides a reflectance at- 
tachment for measuring the color of opaque solids. This attachment is so 
designed that it easily can be adapted for the measurement of opaque 
liquids such as milk. 

Since no containers for liquids w’^ere included in the equipment, it was 
necessary to construct them in the laboratory. The containers w^ere con- 
structed from tin plate, wei'e circular in shape, 0.5 inch in depth and 1.125 

Received for publication December 6, 1947. 

.■■409. 

Copyright, 1948, by the American Dairy Science Association 




iT unsterilized evaporated milk 
• sterilized evaporated milk 

A PASTEURIZED WHOLE MlLK 


VIOLET 


GREEN 


YELLOW RED 


500 S 

WAVE LENG TH IN MiLLi MICRONS 

in reiJeetaiiee values of pastenrk(» 
Aveen 400-^700 mu. 


vanor4Td mil (-onsisted of pasteurkod milK nmiml 

Vb ch tcl re V?' '' evaporated milk, and six lots of evaporated 
icli had rectned varying preheater and sterilization treatments 
eoniparison ot the color of pasteurized milk with nnsterilizi-d’ twapo- 
milk and sterilized evaporated milk is shown bv the curves on fit--, ire 
lie color difference between the three curves is indicated by’ their rela- 
osi ions. e brightness of each color is indicated bv the avera'm level 
curve, e.g., the color of nnsterilized evaporated milk is the brightest, 
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with the pasteurized milk and the sterilized milk aTeraging* ahout the >same. 
An accurate statement regarding line shift is possible only on the basis of 
colorimetric data to be calculated from these curves. The saturation of 
each color is indicated by the relative slope of the curves ; c.p., the pas- 
teurized milk curve is the flattest, therefore the least saturated, while the 
other curves are steeper and therefore more saturated. 

It should be noted that the spectrophotometer provides a means for the 
analysis of the spectral composition of a color sample, while the visual im- 
pression is the effect produced on the observer hy the eoiiibined effect of the 
spectral composition of the sainjile, the spectral composition of the illuminant 
under which the sample is viewed, and the observer’s owm visual mechanism 
(which is more receptive to w^ave lengths in the middle portion of the visible 
spectrum than those on either end). 

With regard to the data plotted on figure 1, it is interesting to note that 
concentration of milk x'^Eoduces an increase in reflectance in the green, 
yellowy and red wmve lengths but little change in the blue and violet. There 

TABLE 1 

Conver^iio7i of curve data into I.CJ. and Munsell noia.tion 


Curve 

I.C.I. 

color notation 

: X' 


Y 

Pasteurized milk 

0.3330 

0.3470 

0.738 

IT lister, evap. milk 

0,3315 

0.3435 

0.853 

Ster. evap. milk 

0.3435 

0.3500 

0.73S 


Miinsell color notation 


Hue 


Value 


Clironui 


7.3Y 

5.SY 

L7Y 


1.7 

1.55 

2.3 


is a possibility that the decrease in the blue-violet region is x^roduced in the 
forewarmiiig and evax>oratiou processes. 

Sterilization of milk produces a marked decrease in reflectance at all 
w^ave lengths, especially marked in the violet region. This inequality in 
reflectance loss is the x>i*imary reason for the browm appearance of sterilized 
evaporated milk, since tlie result is a relative increase in red and yellow 
not an actual increase in these colors, 

The conversion of the speetrophotometric data into tbe I.CJ. (2) an 
Munseil notation (3) is given in table 1. The Muusell values derived are in 
good agreement wdth those obtained by Bell and Webb (1) on evaxiorated 
milk. Therefore, it appears that no serious error is introduced by the 
fiuoreseence of xuboflavin or other compounds. 

Ill the routine grading of freshly sterilized evax)orated milk, it is de- 
sirable to know^ the relative color of milk in terms of a simple index number. 
While this index number cannot represent , accurately the true color, it 
can indicate the direction of shift in hue, brightness and. chroma and thus 
afford to the insx^cctor a quick estimate of the change in color. Since the 
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heat treatment of milk procliiees a loss of x'efleetaneej espeeially marked in 
the green region, a wave length of 520 m/x appears partieukrly snitahle 
for routine work on standard evaporated milk, since small visual changes 
give large instaimental readings. Furthermore, no speeiai light bulb is 
needed, since the ordinary light source is relatively strong at this \vave 
length. 

The data plotted on figure 2 provide a eoinparison of the spectral com- 
position of sterilized and iinsterilized milk over a greater range than that 
provided by the data in figure 1. In this second experiment it was desirable 
to measure the degree of darkening, from a visual point of vie%v, produced 
in the high temperature pretreatment of evaporated milk and in the siibse- 



Pig. 2. Yariatioiis In refleetanee values of sterilized and unsterilized milk between 
350-1000 mil. 


queut sterilization. Since these data are from pilot plant research on high 
temperature-short time sterilization, a note of explanation i.s otfered. 

The data are presented because they represent extreme time-temperature 
variations in treatment, interesting for the purpo.se of illustrating the eifeet 
on color values. A brief outline of the data follows: The treatment raised 
the temperature of the milk to the desired temperature in a few seconds. 
The pretreatment time (table 2) refers to the time the evapoi-ated milk 
was held at the given temperature in a jacketed holder. The corresponding 
reflectance value was that taken after rapid cooling of the milk. 

The cooled evaporated milk was filled into cans of 14.5-ounee capacity. 
The filled cans then were closed and treated in an experimental continuous 
sterilizer as follows -. The cans were conveyed through a pre-heating chamber, 
the temperature of which increased at a uniform rate from 225° F. at the 
portal of entrance to 235° F. at the portal of exit of the cans. The cans of 
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milk then were conveyed tliroiig'h a second ehainber. where they were sub> 
jected to the indicated temperature for 4.7 miruites. After this sterilisa- 
tion treatment the samples were cooled in the usual manner and tested for 
refleetanee loss and vis( 30 sity. Yiseosity values are in terms of Mojoiinier 
units. There was no ''burn -on/' or other abnorraality whieli would affect 
viscosity or color values. 

Some discrepancies may be noted in tin? data. These could well be due 
to variations in the color of the original milk used and to some iina voidable 
departures from the temperatures given. In the ease of the sterilized 
product, variations in the rate of cooling affected tlie color. In any ease 
deviations from the expected color are not large when considered from the 
standpoint of visual pereeption, except for some notable exeeptions in 
Groups Y and YI. In these latter groups consideridiie unexplained vari- 
ation was found in the sterilizing and color characteristics of tlie various 
lots of milk. 

■ SUMMART' ' 

1. The Beckman speetrophotometer provides humi* data for spectral 
(Composition of energy refletded from a sample and when it is combined witli 
standard colorimetrit* data (as the I.C.L Standard Observer and one of the 
T.C.I- Standard Illuminants) it provides a good tueans of estimating the 
color. 

2. A convenient index for routine estimations of the dai^kening in color 
of evaporated milk can be deterinined by iioti ng changes in rellectance of 
light of 520 wave length. 

The author is indebted to Mr. Paul C. Wilbur, A. E. Fecli and Dr. C. R, 
Stumbo for their valuable suggestions and (untieism. 
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THE COLOR OP EVAPORATED MILK WITH RESPECT TO TIME 
AND TEMPERATURE OP PROCESSING 

VIGTOB NELSON 

Central Research Department f, Rood Machinery Corporation^ San Jose, California 

It is well known in the evaporated, milk industry that the color of evaj)- 
orated milk can be improved by using a high-teniperature-short-tinie steri- 
lization process. Recently, Tarassuk (3) showed that color in evaporated 
milk could be reduced a sigmdeant amount by reducing the oxygen content 
of the milk before sterilization. However, there is almost no information 
available, except that given by Bell and Webb (1), on the rates of 
formation at the vaidous sterilization temperatures. 

Information on the rate of color development alwayvS has been desir- 
able, but until recently no entirely satisfactory method has been available. 
In this paper the technique of color measurement used by Nelson (2) is 
applied to the investigation of the rates of color formation during the 
processing of evaporated milk. 

METHOD AND APPARATUS 

The apparatus consisted of a thermostatically controlled oil bath, a 
preliminary heating oil bath maintained at 175" P., 75 mm. x 10 mm. test 
tubes, a wdre tray for holding the tubes^ a cold water bath for cooling th 
tubes quickly after heating and a Beckman spectrophotometer for reflec- 
tance measurements. 

Because of the small milk sample used, a small container made from 
plastic was used instead of the larger container used by Nelson (2). Tests 
were made to insure comparableness of the two containers. 

One and one-half milliliters of commercial unsterilized evaporated 
milk of 26 per cent total solids content was inserted carefully into the 
small tubes with the aid of a hypodermic needle. The tubes were sealed 
over a small pointed flame, the hot tip being drawn into a loop so that it 
could be suspended on a wii^e and placed in the wire basket. 

The desired number of tubes filled with the evaporated milk was placed 
ill the basket and held in the preliminary oil bath for 3 minutes before 
immersion in the constant temperature process bath. After immersion 
in the process bath, tubes ^vere withdrawn at stated intervals, cooled in 
the water bath, dried, numbered and later analyzed. 

EXPERIMENTAL 

The data obtained in this work are represented graphically in figures 
1 to 5. 

Received for publicatio.u December 6, 1947, 
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Pig. 1. The relationship between time of heating at 220*^ F. and refioetanee at 520 
nij .1 wave length. 

The prelmiinary heating of tlie tubes to 175'' P. is not essential but it 
is eonvenient, since the time then necessary to arrive \vitliin a degree of 
the desired temperature in the process oil bath is reduced to approximately 
3 minutes, as determined by therxnoeouple measurements and the well 
known logarithmic nature of the heat penetration curve. Conseciuently. 
zero time in this experiment is 3 minutes after immersion in the ]>roe(?ss oil 
bath. 

The data are plotted on semidogaritlimie paper, since it was found 
that a straight line was obtained if the logarithm of the reflectance was 
plotted against time. 

Some reflectance loss is noted at zero time at 250® P. (fig. 4). However, 
all the data are plotted without correction, since the lag in the reflectance 
loss at the lower temperatures, or the rate of loss, is .so low that a measur- 
able reflectance loss cannot be found for several minutes. In any ease, 
the error in zero time does not affect the slope of the curves, although it 



Fig. 2. The relationship between time of heating at 230” F. and rellectauee at 520 
mg wave length. 
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IPiG. 3. The Telationship betweeii time of heating at 240^ h\ aiul refleetanee at 530 
mfi wave length. 

does affect, to a Biiiior degree, the vahies of the 250^ F. curve. However, 
if it is desired to correct for this loss it seems not unreasonable to assume 
that projection of the curve until it crosses the 80 per cent line will give 
the time— about 30 seconds in this ease — which should be added to the 
time plotted. (The reflectance of the original milk was 79.8 per cent at 
520 ni/A wave length.) 

Plotting the data on semidogaritlimie paper was found advantageous. 
The data for the 250'’ P. curve are represented by a single straight line, 
while the data for the other eurves are represented most eonveniently by 
two straight lines. While the data for the short curves are inconclusive 
in detel^mmi^lg the character of the curves, they are represented as straight 
lines for convenience and also to indicate the change in slope of tbe longer 
eurves. In any event, there is a lag in the darkening in color of evaporated 
milk during processing, a situation also noted b.y Townley and Gould (4), 
who found that a visible color change occim'ed at the time of marked de- 



Fio. 4, Tke veiHiiuiiship betwecu time of heatiiig at 250 F, ami relieetauee at 520 
wave length. 
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crease in labile siilfnr liberation. ■Wliether tbis point of decrease marks 
a decided increase in the oxidation-reduetion potential ba.s not been deter- 
mined, but in view of the effect of oxygen on color, it may be signiffeant. 

Curves 1 and 2 on figure 5 were derived from the slopes of the curves 
marked 220°, 230°, 240° and 250° F. The numerals on Curve 1 indicate 
the time in minutes at these particular points for which this ciu've is valid. 
After this time period, values should be selected from Curve 2. 

In connection with this experiment, it should be noted that the ratio of 
volume of air to milk is greater than in eoinmereial canning. Therefore, 



it is quite possible that Curve 1 rcpres(‘nt.s (he coiidilion of miiiimiim lag 
period likely to be eaieouutered in commercial xmictice. On tlu> other hand. 
Curve 2 nonually will repre.seiit the condition, s prevailing after the lag 
phase of sterilization is concluded. 

The data obtained in this experiment find application in the. color evalua- 
tion of sterilization processes. Wliile it is diffieult to arrive at absolute 
values because of the variables introduced by the ])retreatm<mt a milk 
receives, the relative color values of proees.ses can be determined with 
reasonable aeenracy. Given the heat penetration curve of a proees.s, a new 
curve can be constructed by substituting rate of reflectance loss values for 
temperature ami integrating graphically the curve produced. For ex- 
ample, it will be found that the color produced in a comnieivial cooker 
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process of 15 inimites at 243° P. is gTeater tliaii a comparable process of 
6 minutes at 254° P. Not only is the high temperature process short, 
but the reflectance loss values are relatively low, since a large part of the 
process occurs in the lag phase of the curve. 

SUMMARY AND CONCLUSIONS 

1. The loss in reflectance at the temperatures studied decreased log- 
arithmically 'with time after a lag period. 

2. A lag period in reflectance loss wns noted at temperatures below 
250° P. The character of this curve is not known with certainty. 

3. The data obtained are applicable to the color evaluation of steriliza- 
tion processes. 

The author is indebted to Mr. Paul C. Wilbur, A. B. Pech and Dr. C, R. 
Stumbo for their valuable suggestions and criticism. 

REFERENCES 

(1) Bell, R. W., and Webb, B. H. The RoUitionsliip between High Temperature F'ore- 

warming and the Color and Heat Stability of Evaporated Milk of Dift’erent 
Solids Content. »T. Dairy Sci., 26: 579~f385. 1943. 

(2) Nelson, V, The Spectrophotometric Determination of the Color of Milk. J. Dairy 

ScL, 31: 409-414. 1948. 

(3) Taeassuk, N. P. Effect of Oxygen on Color and Flavor of Heated Milk. Food 

Inds.; 19: 781-783. June, ^ 

(4) Townley, B. C., and Gould, I. A. A Quantitative Study of Heat Labile Sulfides 

of Milk, I. Method of Determination and the Influence of Temperature and 
Time. J, Dairy Sci., 26: 689-703. 1943. 

(5) Tovtnley, R. C., and Gould, I. A, A Quantitative Study of Heat Labile Sulfides 

of Milk. II. General Origin of Sulfides and Relation to Total Sulfur, Total 
Nitrogen and Albumin Nitrogen. J. Dairy Sei., 26: 853-867. 1943. 



EFFECT OF RAW SOYBEANS AND OF SOYBEAN OIL ON PLASMA 
CAROTENE AND ON VITAMIN A AS MEASURED BY 
ACTIVATED GLYCEROL DICHLOROHYDRIN^ 

E. L. SQUIBB, C. Y. GANNON, and E. S. ALLEN 
Iowa State College, Ames 

Interference with vitamin A metabolism in dairy cows fed soybeans 
and soybean products has been I’eported previously. Hauge et aL (3, 4) 
were among the first to demonstrate a factor in soybeans that suppressed 
the transfer of the vitamin A potency of the ration to the milk fat. These 
workers found that the factor could be removed from soybean oil by ad- 
sorption on activated charcoal. Although their data showed no lo^Yering 
of carotene, they stated tliat carotene as well as the vitamin A values may 
be lowered by additions of large amounts of either soybeans or soybean 
oil to the ration. Cannon et al. (1) observed a bleaching effect on the milk 
fat of cows fed ra^v soybeans. Their observations w^ere based on color 
comparisons rather than chemical determinations of vitamin A and caro- 
tene. ShaYV et al. (6) recently reported the occurrence of a vitamin A 
deficiency in dairy calves from dams fed raw soybeans. 

The effects of raw soybeans and soybean oil on the blood plasma caro- 
tene and vitamin A concentrations of lactating cows fed alfalfa hay, silage, 
concentrates and a carotene supplement are reported herein. 

EXPERIMENTAL 

Procedure. In this feeding trial either 9 lb. of raw soybeans or 1.7 lb. 
of expeller-process soybean oil, an amount calculated to be equivalent to 
the oil supplied by the raw beans, w^ere incorporated into the rations of 
dairy cows to test their effect on the concentrations of blood plasma carotene 
and vitamin A. This quantity of raw soybeans, based on previous experi- 
ments (1), was selected as the probable maximum amount that could be 
fed daily over a prolonged experimental period. 

Six Holstein cows were divided into two comparable groups. One of 
three experimental rations was assigned at random to each coyv of Group 
I ; these rations were duplicated for Group II. The daily feeding schedule 
indicating the concentrates fed is presented in table 1. 

In addition to the concentrates, all cows were fed a poor quality alfalfa 
hay throughout the trial. Corn silage was provided for the first 6 weeks 
of the experimental period, at the end of which time the supply *was ex- 
hausted and alfalfa hay became the only roughage. Before the trial started 
it was found that the cow-s selected had plasma carotene levels that were 

Eeceived for publication December 9^ 1947. 
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less than 300 7 per 100 ml. Since it was desired to conduct the studies 
with cows having more plasma carotene than this, so as to allow siiffieient 
latitude fox’ a possible depression, each cow also received dail}^ both before 
and during the trial 0.5 lb. of a carotene preparation**^ containing 250,000 
USP units of vitamin A per pound. This 0.5 lb. of carotene preparation 
was mixed with 2 lb. of the basal concentrate mixture and fed each cow 

TABLED 


Daily concenirate feedmg scliedtde of the three eows in each of the tioo groups 

during each period 


Cow no. 

Grroup aio. 

Basal eoneeiitrate 
mixture^ 

(J6.) 1 

Materials tested 
(Ih.) 

Basal x>eriod (2 weeks) 


1947 

2470 

2379 

2210 

2392 

2472 

I 

I 

I 

II 

II 

II 

14.0 

13.0 

15.5 

14.0 

15.0 

14.0 



Experimental period (9 weeks) 


1947 

I 

5.0 

9.0 Raw soybeans 

2470 

I 

11.3 

1.7 Rovbean oil 

2397 

I 

15.0 

(Ynitrol 

2210 

II 

5.0 

9.0 Raw .soybeans 

2392 

II 

13.3 

1.7 Soybean oil 

2472 

II 

14,0 

Control 

Gross-orer x^eriod (4 weeks) 

1947 

I 

^ 14.0 " , - 

Control 

2470 

■' I . 

11.3 

1.7 Soybean oil 

2S97 

I 

0.5 

9.0 Raw soybeans 

2210 

II 

14.0 

Control 

2392 

II 

13.3 

1.7 Soybean oil 

2472 

II 

5.0 

9.0 Raw soybeans 


a The basal eoncentrate mixture consisted of 250 lb. of ground yellow corn, 250 lb. 
crushed oats, 200 lb. linseed oil meal, 300 lb. wheat bran, 9 lb. common salt, and U\ lb, 
bone meal. 

between the morning and evening feeding periods apart from the soybean 
pimducts ill order to avoid possible in vilro destruction of the carotene (2). 

The trial was initiated with a 2-week basal period during wliieh the 
plasma of each cow was characterized for its carotene and vitamin A con- 
tent. An experimental period of 9 weeks followed the basal period. At 
the end of the 9-week experimental period the rations of the eows fed the 
control diet and those fed the raw soybeans wwe switched (table 1). This 
cross-over period‘ was continued for 4 weeks. All other experimental 
2 ^ 'Super Carex^', a carrot oil preparation taken up in a dry earner, was obtained 
from Nutritional Research Associates, Inc., South Whitley, Indiana, 
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conditions were maintained with these two groups. The cows receiving 
the soybean oil, however, were contimied on their starting experimental 
ration throughout the trial. 

Venous blood samples were collected weekly from each cow and were 
analyzed immediately for vitamin A and carotene contents. Sufficient 
blood was drawn to supply duplicate 9-ml. plasma samples. Kimble’s 
(5) procedure was used for extracting the vitamin A and carotenoids 
from the plasma. Five-milliliter portions of these extracts were used for 
determining the carotenoids. The per cent transmission readings obtained 
with a Coleman Universal Spectrophotometer set at 440 m^ were converted 
into carotene values by means of a standard curve.® A new reagent, acti- 
vated giyeei'ol diclilorohydrin (G.D.H.), was used to determine the vitamin 
A of the blood plasmas. 6.D.H. was selected in view of the potential 
advantages of this colorimetric reagent (7). 

For the determination of vitamin A, 12-ml. portions of the plasma 
extracts were placed into 50-ml. centrifuge tubes. These tubes were heated 
in a water bath, which at no time exceeded 65^^ C., to evaporate tlie solvent. 
Immediately following the removal of the solvent, the tubes were cooled 
to room temperature and the residue in each tube dissolved in 1.5 ml. of 
chloroform. One milliliter of each chloroforni solution was transferred to 
a Goleman cuvette and 4 ml. of G.D.H. added. The contents of the cuvette 
were mixed by inversion and the color allowed to develop for 4 minutes in 
the dark at room temperature, after whieh the readings were made with- 
the spectrophotometer. The transmission readings were converted into 
vitamin A values by means of the standard curve and then corrected for 
cai’otene interference. 

Yalidiiy of ike reagent used for the denomination of viiamin A. Sobel 
and Werbin (S) previously have shown G.D.H. to be satisfactory for the 
determination of the vitamin A of fish oils. Since information on the 
applicability of G.D.H. for the determination of vitamin A of bovine 
blood plasmas was unavailable, it was necessary to ascertain its validity 
for the type of study reported herein. 

A series of recovery studies was made on imoled samples of bovine 
plasmas containing from 400 to 550 y carotene per 100 ml. Natural vita- 
min A ester was added at four different levels ancl 95.9 to 100.0 per cent 
recovery was obtained using G.D.H. as the eolorimetric X'eagent. These 
results indicate that vitamin A could be determined satisfactorily with 
G.D.H. 

3 A Ooleman Universal Spcctropliotoinetcr, Model 11, was nsed for all analyses. It 
previously was standardized at 440 mjx with crystalline B carotene for estimating the 
carotenoids, and at 550 nij.i with a natural vitamin A ester, PC 3 capsule, obtained from 
‘ Distillation Products, Inc., for estimating the vitamin A. A carotene interference curve 
was plotted from data obtained by the addition of G.D.H, to crystalline B carotene in 
'Chloroform. 


TABLE 2 

The effect of raw soybeans and soybean oil on plasma ea/rotene and vitamin A 

Group I I Groupil 
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RESULTS AND DISCUSSION 

Tlie effects of feeding raw soybeans or soybean oil were measured 
by the changes that occurred in the coneentrations of blood plasma caro- 
tene and vitamin A found in the cows fed these products. These changes 
also were compared with those that occurred in the blood plasma carotene 
and vitamin A of the cows fed the control ration. 

In table 2 are listed the amounts of carotene and vitamin A that were 
found in the blood plasma of each of the cows at weekty intervals. In 
order to get a clearer picture of the changes that occurred in the concen- 
tration of cai’otene in the blood plasma of the cows under the three feeding 



Pig, 1 . Variations from tlie final determinations in a preliminaxy period, of average 
blood plasma carotene content for control cows^ cows fed raw soybeans and cows fed 
soybean oil. 

schedules, the data were plotted out as showm in figure 1. The zero point 
on these curves is the average concentration of carotene in the blood plasma 
at the end of the preliminary period for cows fed each feed. The changes 
in carotene concentration are plotted from that point. 

It is apparent from the curves that the feeding of raw soybeans to cows 
caused their plasma carotene to decline somewhat in concentration and 
to remain considerably under that of cows fed the control ration. During 
the first 4 "weeks the differences between these two lots of cows increased 
rapidly, then more slowdy up to 7-9 weeks, wdieii differences iu concentra- 
tion between the control cows and those fed ra^v soybeans seemed to level 
off at about 250 y carotene per 100 ml. of blood plasma. * 
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That this ditferenee in carotene eoiicentration was effected by feed 
and not by cow differences is strongly supported by what happened w^hen 
the feed of these cows was switched. Those ecws formerly being fed raw 
soybeans and then fed the control ration showed increasing concentrations 
of carotene froin the time the rations were changed. In opposition, those 
cows which were changed from the control ration to raw soybeans showed 
a constantly decreasing carotene concentration in their blood plasma until 
it was considerably under that of the other group with which its ration 
was switched. Although the swnteh-over period lasted only 4 weeks, yet 
ill this time the differences in plasma carotene concentration reached almost 
one-half the magnitude that existed in a similar peiiod before the switcli- 
oy er was made. 

The changes in blood plasma carotene concentration of th cows re- 
ceiving soybean oil were intermediate, lying between those of tiie control 
cows and those fed raw soybeans. Apparently the oil depressed tlie jiiasnia 
carotene concentration but not to the extent of the raw beans. The (dfeets 
of feeding the oil are not as clear as with feeding raw soybeans, since no 
switch-over of rations was made with the>se cows. It is not known whether 
their position in relation to the control cows would have been reversed 
had these ratioms been switched. Presnmably such a result would have 
oeciirred. 

As was noted in outlining the feeding procedure, clianges in the kind 
of roughages that were fed occurred dui’ing the progress of tlie trial At 
the end of the sixth week corn silage was eliminated from the ration and 
alfalfa hay fed in greater amounts. Also, during the fifth week (third 
‘ week of the first experimental period) all the cows were inadvertently 
permitted access to fr.esh grass for approximately 2 hours. 

These changes in feed no doubt affected the carotene intake of the cows. 
Since all cows were fed alike and supposedly increased their carotene in- 
takes together, these changes should have caused no serious infliience on 
the differences in carotene eoncentrations between groups. Increased or 
decreased intakes of carotene would cause fluctuations in the plasma caro- 
tene, but each group would be affected in the same way. 

The differences that occurred in, the blood x>hisma vitamin A eoueentra- 
tions among the cows fed the control, raw soybean and the soybean oil 
rations (table 2) were small and showed no particular trends. If de- 
struction of vitamin A was being caused by either the raw soybean or 
soybean oil, the physiological processes of the cows quickly replenished 
the supply in the blood from carotene or from liver storage. Perhaps if 
the carotene intake of the cows were low enough, the feeding of raw soy- 
beans and maybe soybean oil would cause a decline in the vitamin A con- 
centration in their blood. Hauge et al (3) have sxmcified a factor that 
adversely affects the vitamin A concentration in milk fat. This factor- 
might be operative on blood plasma vitamin A. 
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SUMMARY 

Feeding raw soybeans iii the amount of 9 lb. daily to lactating cows 
caused marked differences in their blood plasma concentration of caro- 
tene from that of cows fed a control ration containing no soybean prod- 
ucts. During the first 4 weeks the differences increased rapidly, but 
}yj 7_9 weeks they seemed to level off at about 250 y carotene per 100 ml. 
of blood plasma. The reversal in blood plasma concentrations of carotene 
that took place after a switch-over of rations was made between the cows 
receiving the control and the raw soybean rations indicates that the cau- 
sative factor -was the feed rather than the individuality of the cows. 

The feeding of expeller process soybean oil to lactating cows caused 
differences in their blood plasma concentrations that were intermediate 
with the concentrations found in the blood plasma of cows fed a control 
ration containing no soybeans or soybean products and cows fed raw soy- 
beans. The oil apparently depressed the carotene concentrations but not 
to the extent of the raw soybeans. 

The dift’erences that occurred in the blood plasma, vitamin A concen- 
trations among the cows fed the control, raw soybean and soybean oil ra- 
tions were small and showed no paidicular trends. 

Activated glycerol dichlorohydrin, a new reagent for the determina- 
tion of vitamin A, pimved to be satisfactoi'y for this determination in 
bovine blood. 
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SIMPLE VERSUS COMPLEX CONCENTRATE MIXTURES 
FOR YOUNG BREEDINO BULLS. I GROWTH, 

BLOOD COMPOSITION, AND COST^ 

J. T. BEID,2 G. M. WAKE, and R. L. SALSBUBYs 
Neio Jersey Agricultural Experiment Station, Sussex 

In a study of tlie relative value of a simple and a complex concentrate 
mixture for young' breeding bulls, the composition of the whole blood and 
of the plasma was investigated on the chance that the feeds might reflect 
different ph^^siological effects upon these tissues. Quantitative studies of 
various blood constituents have proved invaluable in experimental, diag- 
nostic and clinical work, despite the variability in ^‘normals’' observed in 
different individuals, sexes, species, physiological functions, regions, sea- 
sons and climates. Most studies of bovine blood composition have con- 
cerned the female rather than the male. 

Table 1 summarizes the levels of several constituents of wdiole blood 
and plasma of bulls as found in previous studies. 

Since the literature involving the relationships of whole blood and 
plasma constituents of cattle to diet, age, physiological functions and 
pathological conditions is too extensive to be considered here, recognition 
has been given only to those data which reflect the blood picture of healthy 
bulls and which are pertinent to the present study. 

. The purpose of this study was to ascertain the effects of a simple and a 
complex concentrate mixture upon growth as determined by wither height 
and heart girth measurements and upon the concentration of some of the 
constituents of blood. The cost of maintaining breeding bulls on these 
feeding regimes was exaiiuned. 

EXPERIMENTAL PROCEDURE 

Sixteen Holstein bulls of similar blood lines were obtained at birth and 
reared under the same management and feeding regime until the commence- 
ment of the experiment. Prom these animals the 12 bulls used in this in- 
vestigation were selected at 18 months of age on the basis of nniformity 
of age, size, and blood and semen pictures. The 12 bulls composed two 
groups of six each. Group I received a simi)le cojieentrate mixture of 

Received for publication December 15, 1947. 
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wMeli com and corn ghiteii meal constituted a large portion, wMle Group 
II was fed a complex concentrate mixture (table 2). Both groups re- 
ceived the same average grade timothy-clover hay. The average compo- 
sition of the concentrate mixtures and hay used during the feeding trial 
is shown in table 3. 

The bulls were fed 1 lb. of hay per 100 lb. body weight daily with 
concentrate feed in sufficient quantity to provide an average daily digestible 
nutrient intake of approximately 1.02 and 1.18 lb. per 100 lb. body weight 
before and after an average age of 760 days, respectively. Peed intake 
was adjusted at average intervals of. 43 days following heart girth and 


TABLE 2 

Composition of conceyvtrate mixtures 


Ingredients 

Group I 

Group II 


(%) • 

(%) 

Ground yellow corn 

54.0 

10.0 

Beet pulp 

25.0 

• 

Corn gluten meal . 

10.0 


Cane molasses 

10,0 

10.0 

Linseed meal 


12.0 

Soybean meal 


17.0 

Crushed oats 



25.0 . 

Wheat bran 


10.0 

Dehydrated alfalfa 



Limestone 


' '2.0 ■ 

Iodized salt ! 

1.0 

1.0 

Bone meal 


0.7 

Brewers yeast 


1.95 

Mineral salt mixture^ 


0.1 

Eish liver oil^ 


0.2 

Irradiated yeast^ 

■ 

0.05 

' 

, 100.00 

' 1 

100.00 


a Mineral salt mixture consisted of: MnS 04 . 4 H 20 , 50%: EeSO^.TH.O, 44.5% ; CuSO.. 
SHaO, 5.0%; and Oo(N 03 ) 2 . 6 HA 0.5%. 

Jj Pisli. liver oil containing 15,000 I.TJ. or more of vitamin A per g. 
c Irradiated yeast containing 9,000 ITSP units of vitamin D per g, 

wither height naeasuremeiits. The average daily digestible nutrient in- 
take immediately following body measurement was 1.08 and 1.22 lb. per 
100 lb. body weight before and after an average age of 760 days, respec- 
tively, and regressed to about 0.96 and 1.11 lb., respectively, before the next 
adjustment as calculated from Morrison’s tables (17). Body weight was 
calculated from the heart girth measurement according to tlie equation sug- 
gested by Branton and Salisbury ( 4 ) . 

An attempt was made to obtain about the same amount of semen from 
the bulls of each group; however, more was being taken from Group II 
during the latter part of the experiment than from Group I. The average 
daily semen volume and accumulative semen volume taken from the two 
groups are represented by the graphs and curves, respectively, shown in 
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TABLES 

Average chemical composition of feeds (per cent of dry maiter) 


lb:.-' h, 

Grroup 

Protein j 

Pat 

Piber 

Ash 1 

N.P.E. 

P ' 

1 Ca 1 

Mn 



' -I,. 

12.00 

2.72" 

Concentrate mixtures 

8.70 1 4.73 1 64.47 | 

0.30 

0.33 

0.0044 

■ ■ n 

21.T6 

4.67’ 

1 10.08 

1 9.03 

1 49.03 1 

0.66 

0.97 

0.0233 

I', ' 

1 6.44 1 

2.24 1 

38.73 

Hay 

1 4.85 

1 44.02 1 

0.15 ] 

1 0.30 

1 0.0053 


figure 1, heart girth measurements also being included. The differeiree 
in the accumulative semen volume does not indicate that the bulls of 
Group II were capable of producing greater volumes of semen but merely 
that more semen was taken from these animals than from the bulls of 
Group I. 

No data were obtained on the semen of one bull in Group II, .since thi.s 
animal manifested a fear which precluded obtaining semen from him in 
the usual manner. One bull was eliminated from Group I about mid- 
trial because of tvxbereulosis reaction. The animals were 18 months old 
at the beginning and 33 months old at the termination of the experiment. 
Twenty days was the greatest difference between the ages of any of the 
bulls. 

The data on the phase of the study dealing with the blood con.stituents 
have been grouped into 3-month age periods for convenience of study. The 
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Pig. 1. Heart girth measurements of bulls, the Ragsdale standard (20) for Holstein 
bulls, and the average daily and accumulative volumes of semen produced per bull. 
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chemical methods used to determine the levels of certain blood and plasma 
constituents are as follows: hemoglobin, Sanford et al, (23) ; glutathione, 
Woodward and Fry (26) ; calcium, Clark and Collip (6) ; inorgpiic phos- 
phoxnis, Fiske and Subbarow (8) ; phosphatase, method of King and Arm- 
strong (10) as modified by Wiese et al, (25) j plasma proteins, albumin 
and globulins, Looney and Walsh (14) ; and ascorbic acid, modification of 
method of Mindlin and Butler (16). The red blood cell count and volume 
(hematocrit) were determined on the same blood samples according to the 
standard procedures. 

RESULTS 

Growth. Good growth of bulls was effected by both feeding regimes 
once the retarded growth which was incurred on the late fall pasture 



aGB(D/^ys) 

Fig. 2. \¥itliers lieight measurements and the Ragsdale standard (20) for Holstein 
bulls. 

prior to the commenceiiient of the feeding trials was overcome (figs.- 1 and 
2). Semen produetioii did not appear to affect growth (fig. 1). A study 
of the body measurements of the bulls of both groups would indicate a 
slightly more rapid growth of these animals diiring the actual feeding 
trial than is considered standard for Holstein bulls of the same age (20). 
It should be pointed out, however, that the standard proposed by Eagsdale 
(20) is based upon the measurements of only two bulls subsequent to 540 
days of age. Group I animals gained body weight at an average rate 
of 0.18 lb. per day faster than Group II bulls. The rate of increase in 
height at the withers was similar for both groups (Group I, 1.57 and 
Group II, 1.54 mm. per day), as shown in figure 2. A similar general 
appearance and degree of fleshiness was observed in the animals of both 


groups. 



TABLE 4 

Blood consUtuents at various ages 


Constituent 


Hb (gm.%) 

EB.O.O 

(inill./nim.s) 

E.B,OALc (%) 

Mean corpuscular 
Hb (yy) 

Mean corpuscular 
Yolume 

Eeduced 

glutathione (mg.%) 
Oxidized 

glutathione (nig.%) 
Total 

glutathione (mg.%) 


Age (mo.) 


-foupa 

18^21 

21+24 


No. 

cases 

Content 

No. 

eases 

Content 

I 

12 

12.07 + 0.31 

18 

12.70 + 0.29 

II 

12 

12.32 + 0.26 

18 

13.15 + 0.16 

T ■ 

12 

9.88 + 0.38 

18 

9,56 + 0.35 

II 

12 

9.98 ±0.36 


9.62+13.24 

I 

12 

35.98 + 1.60 

is 

33.59+0.88 

fi 

12 

35.T6+1.17 

18 

34.45 ± 0.52 

I 

12 

12.22 

c 18 

13.28 

II 

12 

12.31 

18 

13.67 

I 

12 

36.42 

18 

i 35.14 

II 

12 

35.83 

18 ! 

35.81 

T 

12 

28.66 + 0.66 

■ 17; 

30.17 + 1.20 

II 

12 

27.47+1.38 

18 

.31.22 + 1.35 

T 

12 

4.94 ± 0 o3 

17 

8.84 + 0.47 

II 

12 

6.54 ± 0.57 1 

18 

7.99 ±0.49 

T 

12 

33.60 ±0.71 

17 

39.01 ±1.18 

II 

12 

34.01 + 1.45 

,18 

39.21 ±1.24 


a Group I received simple concentrate mixture and 
Group II received complex concentrate mixture and mixed 1 aj. 
^ Bed blood ceil count. 

« Bed blood cell i^olume. 


24r-27 

27-30 j 


No. 

cases 

Content 

No. 

eases 

Content 

No. 

cases 

23 

13.50 + 0.25 

10 ' 

14.16 + 0.31 

15 

24 

13.40 ±0.13 

12 

14.09 ±0.13 

18 

23 

8.88 + 0.25 

10 

8.85 ±0.47 

15 

24 

8.62 + 0.18 

12 

8.55 ±0.25 

18 

23 

36.67 + 0.78 

10 

37.74 + 1.03 

15 

24 

36.58 + 0.49 

12 

37.54 ±0.86 

18 

23 

1-15.20 ' 1 

10 - 

t 16.00 

15 

24 

15.55 i 

12 1 

16.48 

18 

23 

41.30 

10 

42.64 

15 

24 

41.28 

12 

43.91 

18 

23 

34.79 ±1.05 

10 

35.51 ±2.12 

15 

24 

35.06 ±1.02 

12 

34.40 + 1.45 

18 





10 

...... 




12 





10 

1 ::: 




12 


30-33 


Content 


14.49 ± 0.21 
15.16 ±0.16 

8.83 + 0.31 
9.36 ±0.22 

40.12 ±0,77 
40.26 ±0JS 

16.41 

16.20 

45.44 

43.01 

41.12 + 1.47 
41.86 + 1.21 

5.60 ± 0.83 
6.95 ± 0.43 

45.27 ± 2.13 
48.64 ± 1,64 



TABLE 5 

IPlasma constituents at various ages (mean and- standard error) 


Age (mo.) 


Constituent 

Groups 1 

18-21 

21-24 

24-27 

27-30 

30-33 

I- No. ' : 

i cases i 

' ■ ■ ■ 1 

Content 

No. 

cases 

Content 

No. 

cases 

Content 

No. 

eases 

Content 

No. 

eases 

Content 

Ca (mg.%) 

I 

12 

8.79 + 0.22 

18 

10.49 + 0.15 , 

23 

10.60 + 0.10 

10 : 

11.02 + 0.16 

10 

11.65 + 0.38 


II 

12 

9.37 ± 0.22 

18 

10.09 + 0.11 

24 

10.37 ± 0.09 

12 

10.61 ±0.09 

12 

11.52 ±0.74 

Inorg, P (mg.%) 

I 

■ 12 ^ i 

8.26 + 0.18 

18 

7.76 + 0.26 

23 

7.61 + 0.21 

10 

7.13 + 0.14 

15 

7.16 + 0.24 

: - ■■ " - ■ j 

II 

12 

7.06 + 0.24 

18 

7.78 + 0.13 

.24 i 

7.23 ± 0.26 

12 

6.86 ± 0.26 

18 

7.34 ± 0.18 

Phosphatase^ acid 1 

I 

! ■ ■ 






5 ! 

2.32 + 0.18 

10 

1.43 + 0.29 

(uiiits/lOO ml.) j 

II 







6 

1.72+0.20 

12 

1.36 + 0.19 

Phosphatase, alkaline i 






5 

8.06 + 0.39 

10 

6.09 + 0.59 

10 

11.18 + 0.56 

(units/100 ml.) ] 

11 





6 

9.53 ± 1.81 

12 

7.61 ±1.67 

12 

12.15 ± 0.8S 

Total proteins (g.%) 

- 'i^ ' . 

6 

7.00 + 0.06 

18 

6.81+0.10 

23 

7.35 + 0.07 

10 

6.80 + 0.13 

10 

6.90 + 0.10 

.. ■■ , , i 

II 

i ■ -d 

7.68 ±0.17 

18 

6.99 ±0.07 

24 

7.21 ±0.08 

12 

6.90 ±0.10 

12 

6.90 ±0.07 

Albumin (g.%) i 

i 





5 

2.91 + 0.13 

0 

5.21 + 0.08 

9 

4.05 + 0.14 

II 

1 : 




6 

4.14 ±0.36 

6 

5.18 + 0,13 

12 

4.02 ±0.16 

Globulins (g.%) ! 

I 

■■ 




6 

4.76 + 0.25 

5 

1.82 + 0.12 

14 

2.65 + 0.14 

II 





r . 6 

3.31 + 0.35 

6 

1.93 ± 0,14 

18 

2.71±0.11 

Ascorbic acid (mg,%) 

--I '". ■ 

12 

0.20 + 0.01 

18 

0.28 + 0.03 

23 

0.32 + 0.02 

10 

0.37 + 0.02 

15 

0.27 + 0.02 


II 

1 12’/ 

0.26 ±0.02 

18 

0.27+0.02 

...-24 

0.29 ± 0.01 

12 

0.34 ±0.03 

18 

0.24 ± 0.01 


a Group I received simple concentrate mixture and mixed hay. 
Group II received complex concentrate mixture and mixed hay. 
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Blood composition. Remarkably similar values were found for various 
constituents and characteristics of the blood and plasma of the animals oi 
both groups during the same age period. These data are summarized by 
groups in tables 4 and 5, Since no appreciable group differences were 
observed, the average data from both groups would seem to be normal 
for bulls of similar age. Although diet did not appear to influence the 
composition of the blood of these animals, various trends were observed 
which appeared to be associated with aging. 

The concentration of hemoglobin, the red blood ceil volume, and the 
mean corpuscular hemoglobin and volume gradually increased, whereas 
the number of erythrocytes decreased very little as age progressed from 
18 to 33 months. Other constituents tending to increase with age Avere 
plasma calcium and reduced and total ghitathione. The plasma level of 
iiioi’ganic phosphorus tended to decrease, whereas no definite relationship 
between the plasma concentration of ascorbic acid and age was observed. 

The variations in alkaline plasma phosphatase were attributed to the 
rate of semen collection as reported previously (22). Likewise, the fiuo 
tuation in the levels of albumin and globulin may have been related to 
the xmoduction of semen. 

Data on total and oxidized glutathione are not given for the periods 
24 to 27 months and 27 to 30 months because estimations of this eompound 
could not be obtained. Inability to measure this compound Avas eoneomi- 
tant with an increased rate of semen collection and appeared to be caused 
by a factor (s) existing in blood plasma under these eonditions Avliieh 
prevented the reduction of oxidized glutathione by metallic zinc (21). 

Cost. A comparable gain in body weight cost appi’Oximately 50 per 
cent more in Group II than in Group I. The aAm'age cost of maintain- 
ing a bull on the Group II regime Avas $52.75 more per year than that of a 
bull receiving the other diet. 

DISCTfSSrON* 

No important differences Avere found in the growth, general healt)i, 
and blood constituents of tAVO groups of breeding bulls receiving markedly 
different concentrate feeds. On the basis of these criteria, it Avould seem 
that costly, complex concentrate mixtures are not necessary for animals 
of similar age and producing semen at similar rates. The final evaluation 
of complex feeds, hoAvever, necevssariiy lies in their effects upon the pro- 
duction of fertile semen. A subsequent report in this series Avill consider 
the production of semen by the bulls used in this study. 

Although this investigation revealed no group differences, various trends 
appeared to be associated with aging. In view of the lack of dietary in- 
fluence, the eoneentratioii of some blood constituents investigated in this 
study would appear to be standard for bulls of similar age and breed Avhen 
maintained under climatic conditions similar to those of northern NeAv 
Jersey (tables 4 and 5). 
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The results of this study would seem to indicate the importance of the 
rumen in the nutrition of the bull. Reg'ardless of the supposed limitations 
of the simple concentrate feed received by Group I animals, these bulls 
were able to maintain, at levels similar to those of bulls receiving a more 
complex diet, not only growth but also blood constituents believed to be 
indicative of physical well being. It should be pointed out that these rela- 
tionships may not necessarily hold for bulls of greater age or for the same 
bulls over a longer period of time, as these data were obtained from bulls 
during the interval of 18 to 33 months of age. The importance of the 
poor to average grade hay fed to both groups may be underestimated in 
these considerations. Since hay and. concentrates were fed in a manner 
believed to be consistent with good feeding practice, and since the same 
hay wasvfed to both groups, the inaiii considerations involved comparisons 
of the effects of the two concentrate mixtures. Additional data dealing 
with the merits of these diets are presented in the subsequent paper on 
senieu production of young bulls. 

Although the cost of maintaining a sire by the ordinary breeder is 
of no great signiffeance if satisfactory performance is being obtained, 
large bull studs such as those used in some artificial breeding units would 
efihct a considerable saving by using simple concentrate mixtures similar 
to the one employed in this study rather than complex, high protein mix- 
.tures. ■ ■ ■ 

SUMMARY' 

1. Comx)arable rates of gTOwth and concentratioiis of several blood 
constituents were found in bulls receiving a simple and a complex concen- 
trate mixture. 

2. Since the levels of certain blood and plasma constituents were similar 
for the two groups, these figures are presented as standards for healthy 
Holstein bulls of similar age and producing semen at similar rates. 

3. The hematocrit, mean eorpuseular hemoglobin and volume, the level 
of hemoglobin, redu<?ed and total glutathione, and plasma calcium tended 
to increase with agingv whereas the plasma concentration, of inorganic 
phosphorTis deereased, 

4. The maintenance of bulls on the complex concentrate feed cost 
approximately 50 per cent more than that of bulls receiving the simple 
concentrate mixture. 
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SIMPLE VEESUS COMPLEX CONOBNTEATE MIXTUEES POE 
YOUNG BEEEDING BULLS. II. SEMEN PEODUCTION^ 

J. T. BE1T),2 G. M. WABD, AND R. L. SALSBURYs 
New Jersey Agrimiltuml Bxperimeni; Station^ Sussex 

Tile comparative merits of simple and complex concentrate mixtures 
for semen production by bulls bave not been ascertained previously. Yari- 
ous investigations, however, have demonstrated the efficacy and the lack 
of effect of certain feeds and specific nutritional factors upon the quantity 
and quality of semen ejaculated by bulls, Jones et al, (12) showed that 
rations which are >satisfactory for normal growth to 3 years of age are 
adequate for normal reproductive performance. Recent Cornell investiga- 
tions (6, 26) in which total digestible nutrient levels of 100, 120, and 140 
per cent of the Morrison dry co^v maintenance requirements (21) were fed 
to breeding bulls demonstrated that neither the quantity and quality of 
semen produced nor the fertility of the bulls Avas related to the digestible 
niitrieiit intake A¥ithin the limits studied. Concentrate mixtures contain- 
ing 12, 16, and 20 per cent total protein did not affect significantly the 
fertility of bulls (6, 26), Howeveivbulls recemng the 20 per cent protein 
concentrate produced significantly greater coneentrations of spermatozoa 
and loAver ejaculate volume and motility and less total spermatozoa per 
ejaculate than did bulls' recemng the other concentrate mixtures. For 
bulls in acth^e service, these Avorkers (6, 26) suggested feeding at the rate 
of 1 lb, of hay and 0.4 to 0,5 lb, concentrate mixture containing 12 per 
cent pi’otein per 100 lb, body Aveight daily. 

Jones et al, (11) found that bulls fed alfalfa hay supplemented Avith 
1 lb. each of skim milk powder and oats groats daily greAV faster, matured 
earlier, Avere in better condition, and produced good quality semen earlier 
than bulls receiving a basal ration of hay supplemented with salt, phos- 
phorus and iodine. These differences Avere attributed to the greater energy 
intake rather than to the quality or quantity of protein ingested. 

Since it Avas not possible in this experiment to use the semen from the 
unregistered bulls for bi’eeding purpo>ses, a number of measures of semen 
quantity and quality Avere employed as criteria of the relatm merits of 
the tAVO concentrate mixtures fed. Numerous reports support the use of 
the follpAving tests of semen quality and quantity as an evaluation of rela- 

Beceived for publication December lo, 1947. 

i Paper of tbe Journal Series, New Jersey Agricultural Experiment Station, Rutgers 
University, Department of Dairy Industry. 
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New York. 

3 The authors are indebted to Prof, G. E. Shuart, Messrs, M. Struble and D. Ehy 
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tive fertility: spermatozoa eoiicentration (15, 16, 23, 29, 32, 34); initial 
motility (9, 15, 16, 20, 28, 30, 31) ; livability or inainteiiance of iiiotiiity 
(1, 10, 17, 20, 30, 31, 34) ; pH (2, 3, 4, 8, 9, 10) ; change in pH upon incu- 
bation (1, 4, 16) ; number of morphologically abnormal spermatoza (1, 10, 
15, 19, 32, 36) ; semen and spermatozoa volume (1, 3, 7, 16, 32) ; semen 
level of ascorbic acid (8, 13, 14, 22) ; and reducing capacity (5, 27, 28, 33). 

It was the pnrj^ose of this study to evaluate the relative merits of a 
simple and a complex concentrate mixture for the production of semen by 
young bulls as determined by various tests for semen quantity and quality. 

EXPERIMENTAL PROCEDURE 

A study of the semen obtained from the two groups of bulls (one re- 
ceiving a simple concentrate mixture and the other a complex mixture) 
was made simultaneously with the investigation of the blood composition, 
growth, and cost of maintenance of these animals reyiorted in the first pnper 
of this series (25). For details on the composition of feeds, rate of feed- 
ing, age and growth of the bulls, and the cost of the concentrate feeds, the 
reader is I’eferred to the previous paper (p. 429). Of the 12 animals 
composing the two groups (reported in the previous paper), five in each 
group yielded semen during the entire experiment. 

Semen quantity and quality were studied during four periods ranging 
from 56 to 65 days in length, separated by rest periods of 14 to 51 days, 
as shown ill table 1. These collection periods loosely represent the four 
seasons. 

The quantity of semen produced was expressed as the number of ejacu- 
lates obtained, the average ejaculate volume, and the average daily semen 
volume per bull. The quantity of spermatozoa was determined by direct 
counts using a cytometer and by centrifugation of semen in hematocrit 
tubes. These data were expressed as the conc-eiitratioii of spermatozoa, 
the proportion of the whole, semen volume consisting of spermatozoa, and 
the average size of a spermatozoan in terms of volume (cubic micra). 

Since a constant temperature stage incubator was found to be neces- 
sary but was not obtainable during the first period, no attempt was made 
to procure data on motility and allied characteristics for this period. Dur- 
ing subsequent periods, the initial motility, the motility at intervals fol- 
lowing the initial estimation, and the livability of spermatozoa were deter- 
mined by means of a constant temperature stage incubator adjusted to a 
temperature of 100^^ F, The data on motility are expressed in terms of 
arbitrary units derived from separate estimations of the number of living 
spermatozoa and the spermatozoa engaged in progressive motility. The 
motility units used here would be approximately equivalent to motility 
data expressed in terms of per cent- 5. Livability of spermatozoa was 
calculated as the percentage of the initial motility persisting at 100 hours 
subsequent to ejaculation. 


table 1 

Sem,e7i clKiracteristics and constituents 



Period no. 

I 

Period date 

3/5-5/9/46 

Av. beginning 
and terminal 
ages of bulls 

la 

Ila 

556-621 
^ 564-629 


Av. ejaculate 

I 

2.95(40)= 

; CP 

volume (ml.) 

II 

3.18(33) 

a 

Av. daily 


*0 

semen 

I 

0.30 


volume/bull 




_ (ml-) 

Av. sperma - 

II 

0.32 


tozoa cone. 

I 

0.735(25) 

d 

O' 

(mill./mm.s) 

ir 

0.775(23) 

o 

Av. % sper- 



d 

matozoa^^ 

I 


S3 

u 


II 


.02 

Av. sperma- 



tozoan 

T 



„ volume (^i‘5) 

~ Initial mo- 

II 



tilitye 

I 


, 


II 



Motility at 



S 

100 hoursf 

I 


■O 


II 


jec; 

Livability at 




100 hours« 

I 




II 



Total redue- 




! 

substances 

I 

30.32(19) 

02 

O' 

(mg-%) 

II 

^ 33.55(17) 

o 

1 Badiicing sulj- 



d 

-M 

1 stances in 

I 

15.89(13) 

rO 

oxidized state 


0 

w 

(nig,%) 

II 

18.40(10) 


1 Potential re- 



’S 

0 

ducing 

I 

43.21(15) 

tJ 

, capacity 




(mg.%) 
Aseortiie ueid 

II 

53.59(12) 


(wg-%) 

I 

7.01(23) 



II 

8.59(22) 


Initial pH 

I 

6.86(16) 

K 

pi 


II 

6.77(14) 

Post ineuba- 




bation x>H 

I 

6.56(16) 


- 

II 

6.56(14) 


6/29-8/28/46 


672-732 

680-740 


3.52(110) 

3.79(91) 

1.07 

1,15 

0.891(41) 

0,962(34) 

6.62(31) 

6.54(24) 

84.03(30) 

72.86(24) 

13.31(36) 

12.76(29) 

2.55(34) 

2,49(27) 

17.23(34) 

19.68(27) 

37.30(41) 

37.94(34) 

14.07(41) 

13.55(33) 

51.37(41) 

50.73(33) 

8.22(41) 

7.96(34) 

6.55(34) 

6.57(28) 

6.13(34) 

6.19(28) 


9/12-11/14/46 


747-810 

755-818 


3.70(144) 

4.15(120) 

1.41 

1.58 

1.026(52) 

1.020(45) 

7.44(51) 

7.48(45) 

78.22(51) 

77,63(45) 

13.17(52) 

13.29(45) 

5.65(52) 

4.51(45) 

35.46(52) 

31.82(45) 

36.48(47) 

.41.15(41) 

13.55(38) 

15.13(33) 

50.04(38) 

56.05(38) 

8.28(47) 

9.32(40) 

6.68(50) 

6.59(45) 

6.28(50) 

6,33(45) 


12/5/46-1/30/47 


831-887 

839-895 


4.13(101) 

4.44(111) 

1.49 

1.76 

0.823(47) 

1.087(47) 

9.24(42) 

9.56(42) 

105.26(42) 

90.63(42) 

11.05(47) 

12.72(47) 

7,54(47) 

7.77(46) 

58.49(47) 

52.93(46) 

26.47(21) 

34.79(25) 

5.84(21) 

6.83(23) 

32.32(21) 

39.26(23) 

5.17(19) 

7.08(23) 

6.70(25) 

6.61(25) 

6.45(25) 

6.41(25) 


Summary^ 


3/5/46-5/22/47 


556-998 

564-1006 


3.82(423) 

4.19(383) 


0,869(193) 

0.950(177) 

7.84(124) 

8.06(111) 

88.87(123) 

81.52(111) 

11.98(163) 

12.61(149) 

5.53(133) 

5.32(118) 

38.94(133) 

37.27(118) 

34.18(128) 

37.75(117) 

12,58(113) 

13.01(99) 

46.39(115) 

50.19(101) 

7.58(130) 

8.36(119) 

6.67(138) 

6.62(123) 

6.32(138) 

6.35(123) 


« Roman luimerals represent group number. 

h Sunmiary includes data obtained during entire feeding experiment, (Therefore, data on semen obtained 
in a special study made of semen phosj)liatases subsequent to Period IV are included.) 

® Figures in parentheses indicate number of samples studied. 

Represents proportion of total semen volume eonsisting of spennatozoa. 
e Estimated at 100 P. Motility value x5 is approximately'- equivalent to per cent motility, 
f Motility rating at 100 hours subsequent to ejaculation (rating x5 is approximately equivalent to the 
motility expressed as per cent). 

^ Livability is expressed as the per cent of original motility persisting at 100 hours subsequent .to ejaeu- 

latinn 


taxices in semen xvere measured by a prue.uuxc ... 
^y Woodward and Pry (37) for the estonatron 

f determined according to the method outlined 

a^was measured immediately after ejaculation a 
- G. for 1 hour, using a Beckman pH meter equipi 
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Tile Group II bulls produced sliglitly larger ejaculates containiug a 
greater total number of spermatozoa than did Group I bulls. No appre- 
ciable differences were found in the coneentration of spermatozoa or in the 
proportion of semen constituted by spermatozoa ejaculated by the two 
groups. The difference in the average spermatozoan volume is largely the 
reflection of one animal in Group I. 

No appreciable differences were found in the initial motility, motility 
at 100 hours after ejaculation, and livability of spermatozoa of the groups. 
The improved livability observed in both groups during the colder months 
may have been a seasonal effect upon this characteristic. 

Similar levels of reducing substances, reducing substances in oxidized 
form, and ascorbic acid were found in the semen obtained from both groups, 
A marked decrease was observed in the level of reducing snbstanees in 
oxidized state (which was reflected in the potential reducing capacity) 
during Period IV. 

The initial pH of semen was similar for both groups; however, semen 
from Group I underwent a greater decrease in pH during incubation than 
did that of Group II. 

The data in table 2 summarize the proportions of the various types of 
abnornial spermatozoa found in the semen from each group of bulls. Gen- 
erally, the abnormalities oecurred at about the same rate in both groups, 
with Group I spermatozoa manifesting a greater ])ropoi*tion of the heads 
of the pyriform type. It will be noted that a greater quantity of mor- 
phologically abnormal spermatozoa appeared during Periods III and IV 
than previously. This may have been effected by the increased rate of 
semen ejaculation. The differences found between the groups in total ab- 
normalities were attributed largely to one bull in Group I, whose semen 
contained a eharacteristically high number of' abnormal spermatozoa. 

DISCUSSION 

In the evaluation of the comparative merits of simple and complex 
coneentrate feeds for breeding bulls, the final conclusion must be based 
upon tlie over-all effects of these mixtures upon the character and/or the 
fertility of the semen produced. Although it has been recognized that no 
single test presently exists which allows an adequate prediction of the 
relative fertility of a semen specimen, a combination of tests involving 
various semen properties and characteristics is believed to contribute valu- 
able information relative to forecasting the impregnating capacity. 

In general, the quality of semen produced by the two groups of bulls 
receiving markedly different coneentrate feeds was essentially tlie same, as 
determined by various tests. The concentration of spermatozoa in the 
semen was similar for both groups; how'cver, bulls receiving the complex 
coneentrate mixture yielded ejaculates of larger volume and greater num- 
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bers of spermatozoa than those ejaculated by bulls consnining the simple 
mixture. These differences were not regarded as of great importance, 
since neither group of animals produced semen which was subnormal in 
these respects. The spermatozoa produced by bulls receiving the two 
diets possessed similar average degreevS of motility and livability, with a 
slightly higher degree of livability in the semen of bulls receiving the 
simple mixture during Periods III and IV and in that of bulls receiving 
the complex feed during Period II. 

Various investigators (1, 4, 16) have pointed out the usefulness of the 
measure of pH change during incubation as an index of semen cpiality, 
since this test affords a gross picture of the metabolic activity of spermato- 
zoa, probably involving the effects of spermatozoa numbers, activity and 
« chemical changes. Other studies (1, 10, 17, 20, 30, 31, 35) have demon- 
strated conclusively the reliability of livability or longevity estimates as 
forecasters of relative fertility of semen. Because of the strong evidence 
offered in their support, these two measures were accorded higher recogni- 
tion as criteria of semen quality than the others used in this study. From 
this standpoint semen of similar character was produced by the bulls on 
both feeding pi'ograms. 

The reducing properties of semen were examined previous^ and I'onnd 
to be related to the general metabolism of spermatozoa (27, 28, 33) and to 
states of fertility (5, 27, 28). In view of the results of these investiga- 
tions, a method was devised for the analysis of semen in which reducing 
materials probably not measured in previous studies could be accounted 
for and measured as absolute quantities. No great differences were ob- 
served in the quantities of total reducing substances, reducing substances 
in oxidized form, potential reducing capacity, and ascorbic acid content 
of the semen of the two groups of bulls. 

The small differences observed between the groups relative to the per- 
centage of abnormal spermatozoa were not regarded as important, since 
both groups appeared to be within a safe range as determined in a very 
critical examination, and since these differences are explicable on the 
basis of the consistently high percentage of abnormal spermatozoa sliown 
by one bull in Group I. 

Apparently when sufaeient energy is provided for growing, breeding 
bulls, a simple mixture of concentrate ingredients is equivalent to a high 
protein, complex mixture from the standpoint of the quality of semen 
produced. Satisfactory growth was found to accompany the production 
of good semen when the daily digestible nutrient intake was approximately 
1.18 lb. per 100 lb. body weight. It is not known whether or not the 
same results would be found in older bulls or in the same bulls over an 
extended period of time. 
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SUMMARY 

A was made of the relative merits of a simple and a complex 

coneentrate mixture when fed with a poor to average grade mixed hay for 
the production of semen by young bulls during a 442-day experimental 
period. 

Various analyses of 423 ejaculates yielded by the bulls receiving the 
simple concentrate feed and of 383 ejaculates produced by the bulls con- 
suming the complex concentrate mixture would indicate that good quality 
semen of similar character resulted from the ingestion of both diets when 
provided at an average rate of 1.18 lb, digestible nutrients per 100 lb. 
body weight daily. 

Although bulls consuming the complex mixture yielded slightly larger 
ejaculates containing more spermatozoa per ejaculate and fewer abnormal 
spermatozoa than tliose of bulls fed the simple mixturCj the decrease in 
pH upon incubation of semen ejaculated by the latter group was greater 
than that of the semen produced by the bulls fed the complex concentrate 
feed. 

Eegardless of the diet fed, the concentration of spermatozoa in semen, 
the initial motility, the degree of livability, the size of spermatozoa, the 
quantity of total i^educing substances, reducing substances in oxidized 
state, potential reducing capacity, ascorbic acid, and the initial pH of semen 
were similar. 
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A STUDY OF THE USE OF THE ANTIOXIDANT NORDIHYDEO- 
GUAIARETIC ACID IN DAIRY PRODUCTS. I. ITS 
ANTIOXYGENIC PROPERTIES IN MILK 

J. W. BTTJLL, E. O. HERBEID, and P. H. THACY 
Illinois Agricultural Experiment Station, University of Illinois, Urhana 

Tlie oxidized, flavor is one of the most prevalent off -flavors which develop 
in market milk. This oft-flavor may appear even though the raw milk is 
of the highest quality and the processing methods are carefully supervised 
in approved equipment. 

REVIEW OF LITERATURE 

The oxidized flavor in dairy products has been studied extensively, as 
indicated by the voluminous amount of literature reviewed bj^ Brown and 
Thurston (4), who cited 412 re.ferences. 

The compounds or substances proposed as antioxidants for fats are 
numerous. Matill (9) studied a large number of compounds and found 
that the active groups of the phenolic compounds Avere two hydroxyl groups 
in either the ortho or para configuration. When these groups were in the 
meta position, the compound did not possess antioxidant properties. 

Nordihydroguaiaretie acid (NDGA), one of the compounds which has 
been used as an antioxidant, \vas first synthesized in 1918 from hydro- 
guaiaretic acid (12), During cooperative investigations by the United 
States Department of Agriculture and the University of Minnesota, NDGA 
wms found to occur in a common desert plant, the creosote bush (Lamu 
dfiuncata), which giwvs in the southwestern United States (20). Pure 
NDGA is prepared by crystallization from a crude extract of the plant 
material. 

White, crystalline NDGA is practically odorless but has a slight astrin- 
gent flavor. It is only slightly soluble in wuter but is 50 per cent soluble 
in ethyl alcohol, 20 per cent soluble in propylene glycol, about 15 per cent 
soluble in glycerol and from 0.3 to 3 per cent soluble in fats and oils (17). 

The following chemical formula has been assigned to NDGA (20) : 

HQ ^ GH 

HO< > C H/: H C H CH.<^^OH 

On the basis of Matill h study (9), this phenolic compound would be ex- 
pected to have antioxygenic properties since the hydroxyl groups are in 
the ortho, position. 

Extensive toxicity experiments (5) conducted for over twn years indi- 
cate that NDGA is entirely harmless (1, 2) in amounts far in excess of 

Received for publication Jamiary 16, 1948. 
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tliat required to prevent 


the oxidation, of fat over extended periods of 


NDGA has been used successfully in retarding^ the 
rnnciditv'- in lard (6, 7, 8), in bacon (16), and j.ii salt-cniul fib (..e . , 

retai'din" the oxidation of esters of fatty acids ( 18 ) ; m stabihziuii eaio tin 

rLlntions (3, 11) t and i« retarding «xid««ve ehangt, 

vegetable oils (10) and frozen cieani (19). 


experimental methods 

The milk used in this study ^vas produced by the University dairy herd. 
In cases where it was important to have milk with little or no inetal con- 
tamination, the milk was taken directly from the stainless steel mdknig 
machines. In other cases, the milk was taken from aluminum milk cdiis 

after it arrived at tlie University Creamery. 

Milk samples were scored or criticked for flavor by^ three or more 
judges and the consensus taken as the score, or criticism. The pidges were 
not aware of the history or treatment of the samples. ^ ^ 

Vitamin C determinations were made using the rapid method ot Shaip 

et al. (13)- 

‘ EESULTS : ; ; , , 

The concentration of NDGA needed for antioxidant protection— the 
effect of method of adding. Because concentrations of 0.005 per cent were 
bein<^ used successfully in the treatment of fats and oils (1, 6, 7, 8, 10, 11, 
16 18, 19), couceiitrations of 0.0075 per cent or less, expressed on the 
s of the fat content of the milk, were used in this study. The NDGA 
added to 4 per cent milk before it was pasteurized at 143° P. for 30 
minutes. The development of the oxidized flavor was induced by adding 
0.3 p.p.m. copper. The results of a representative trial are found in 
table 1 The trials were conducted during the period of April through 
Au-ust A concentration as low as 0.00125 per cent NGDA added either in 
glycerol solution or in water suspension inhibited the development of the 
oxidized flavor during 5 days of storage at 40° P. in milk containing 0.3 

p.p.m. added copper. . „ . , . , 

The effect of NDGA on the disappearance of vitatmn C in jnisteumed. 
milk. The disappearance of vitamin C is reported by Sharp ct <d. (14) 
to be related to the development of the oxidized flavor in milk. For this 
reason a series of experiments was conducted to determine whether or not 
NDGA would retard the loss of vitamin 0 in milk under normal conditions 
of storage. Milk was taken directly from the milking machine and samples 
■e prepared containing 0.00125 per cent and 0.0075 per cent NDGA 
iln other branches o£ the food industry, the term rancidity usually is used synony- 
mously with the term oxidation. In the dairy industry, oxidation is used to denote 

oxidative changes in fat, whereas rancidity oharaeterizes hydrolytic changes. 
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added both in glycerine solution and in water suspension. The milk was 
pasteiirized and cooled. Vitamin C determinations and flavor scores Avere 
made every 24 hours. The results of a representative trial are presented 
in table 2. The trials were conducted during the period of April through 
August. 

The data show that NDGA retarded the destruction of Vitamin C in 
pasteurized milk stored at 40° P. witliout added copper. At the end of 
96 hours of storage, all of the vitamin C had disappeared in the control 
samples of the milk which did not contain added copper. At the end of 


TABLE 1 

The conetmimtUm of NBGA needed far aniiOinidant profActw^^ at 40^ F.) 


Smnple 

Treatment 

Flavor conmients , 

no. 

24 hr. 

48 lir. 

721ir. 

961ir. 

120 hr. 

■l : . 

Control 

SI. cooked 
SI. feed 

SI. feed 

SI, feed 

SI. feed 

SI. feed 

9 ■ 

Control -f 0.3 p.p.m, 
cn. 

SI. cooked 
SI. feed 

Oxidized 

la 

Oxidized 

0 

Oxidized 

O' 

Oxidized 

3 

“A • 

o 

Control 4 0.3 p.p.m. 
011.4 0.00125% 

NIXjiA in \vater 

SI. cooked 
SI. feed 

SI feed 

SI. feed 

SI. feed 

SI. feed 

4. : 

Control 4 0,3 p.p.m. 
(01. 4 0.00125% 

NDGA in glycerol 

SI. emoked 
SI. feed 

SL feed 

SI. feed 

Sl.'feed.C 

SI, feed 

5 

Control 4 0.3 p.p.m. 
en. 4 0.0075% ' 
NDGA in \vater 

81. eocsked 
SI. feed 

SI. feed 

SI. feed 

SI. feed 

SI. feed 

0 

Control 4 0.3 p.p.m. 
en. 4 0.0075% 

NDG-A in glycerol 

SI. cooked 
SI. feed 

SL feed 

SL feed 

SI. feed 

■ J 

SI. feed 


a The iiitciisity of the oxidized llavor was given values frozu 1 to 5^ as the level of the 
defect increased. 


the same storage period, the loss of vitamin C in the samples which con- 
'tained NDGA ranged from 54.9 per cent at the lower concentration 
(0.00125 per cent) to 41.9 per cent at the higher concentration (0.0075 
per ■cent). 

Even tlioiigh the vitamin C disajipeared in 24 to 48 hours in the milk 
which contained 0.3 p.p.m. added copper, the oxidized flavor did not de- 
velop during 5 days of storage in the samples which contained NDGA. 

The antioxidant retarded the destruction of vitamin C during pas- 
teurization. In the milk which contained no added copper, 18.7 per cent 
of the vitamin C was destroyed in the control samples during pasteuriza- 
tion. The loss of vitamin C in the similar samples which contained NDGA 
ranged from 6.2 per cent at the higher concentration (0.0075 per cent) to 
12.5 per cent at the kwer concentration (0.00125 per cent). 
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In the milk which contained 0.3 p.p.m. added eoppex% 56.3 per cent of 
the vitamin C was destroyed in the control sample during pasteurization. 
The loss of vitamin 0 in the similar samples which contained NDGA ranged 
from 41.8 per cent at the higher eoneentration (0.0075 per cent) to 53.2 
per cent at the lower concentration (0.00125 per cent). 

There was no signifleant difference between the protective effect exerted 
by the antioxidant wliich was added in solution and that which was added 
in water suspension. 

CONCniTSIONS 

1. Concentrations of 0.00125 to 0.0075 per cent nordihydroguaiaretie 
acid will prevent the development of the oxidized flavor during 5 days of 
storage at 40® P. in Avhole milk coiitaining 0,3 p.p.m. added copper. 

2. Ill the abseuee of added copper, tlie addition of 0.00125 to 0.0075 
per cent nordihydroguaiaretic acid will retard the destruction of vitamin 
0 in whole milk stored at 40® P. 

3. In the absence of added copper, concentrations of 0.00125 to 0.0075 
per cent nordihydroguaiaretic acid wdll retard the destruction of vitamin C 
during past emu zation at 143® P. for 30 minutes. 
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VITAMIN D CONTENT OF EOIIGHAGES^ 

J. A. NEWLANDEK 

Vermont Agricultural Exiieriment Station^ Burlington 

Very little vitamin D generally is considered to exist in the green grow- 
ing plant. Brgosterol or some other provitamin is jn’esent and may be 
changed over to vitamin D when the plant is cut and exposed to the radiant 
energy of the sniij as in the snn curing of roughages. Prom this view- 
point it conkl be assumed that flue or barii-eured hay would have less 
vitamin D than sun-cured hay and that little or no vitamin D would be 
present in roughages cured in the dark or artificially dried with no sun ex- 
posure. However, this is uot the case according to results obtained at this 
Station. Assays made on sun-cured and barn-cured hays show practically 
equal amounts of vitamin D in the two hays. Furthermore, a]:)preeiable 
amounts of vitamin D are present in hays dried without exposure to the 
sun. as iu a dehydrating maehine or natural drying in a dark place. 

A few trials at other stations have been reported sli owing that the nutri- 
tive and aiitiraeliitie values of barn -cured hay compare favorably with that 
of sun-cured hay for dairy aiiimals, as based on suelj criteria as rate of 
growth, physical eouditimi and analyses of certain hones iTom slaughtered 
animals. Howinum, no vitamin^ D contents of the hays were given. 

AVylie et al. (8), in a trial with yearling heife compared the feeding 
value of barn-cured hay with that of suii-eured hay. The feeding ]>eriods 
extended through three su excessive winte each trial being 150 days in 
leiigth. Each animal received daily 2 lb; of gram^ 10 lb. of corn silage 
Bjid lim ad UMkm The heifers in both groups made normal growth 
W'ith no marked difference in favor of either. 

l\[oore ami Thomas (4) report the results of a feeding trial "with dairy 
calves comparing the antirachitic values of field-eured alfalfa hay, barn- 
dried alfalfa hay and wilted alfalfa silage. Tliey used three groups of 
dairy calves, six in each group. The calves were first depleted of their 
body stores of vitamin T) and then fed on the aI)ove roughages for a period 
of 6 months. Prom the results obtained, it was concluthai that further 
fundamental work is necessary. Tlie indications to date are that barn-dried 
hay aud wilted silage will provide sufficient vitamin D .for normal func- 
tions in growing calves when fed at the usual levels of roughage feeding, 
i.e., at the rate of 2 to 3 lb. of hay, or the equivalent, per 100 lb. of body 
■weight. 

EXPERJMENTAU 

In the fall of 1946 the author' started a trial with 16 dairy calves (3 
days of age) to compare mainly the antirachitic value of barn-cured hay 

EeHMfived for publication January 23, 1948. 

1 Publislicd with the approval of the Director of the Vermont Agricultural Experi- 
ment Station. 
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vvitli tliat of smi-eiired ]iay up to first oalving. A iiiniibor of vitamin 1) 
assays were made upon tlie bays, bloods of living animals. :ind livers of 
slaughtered animals. At the end of 12 months the animals on barn-cured 

TABLE 1 

lltainiu D hi t<nn-(unrtl, harn^cur^^il and arfituuniljf driful hau>i 



! Av. dry 

1 matter 

Date i 
sampled 

Bate 

assayed 

194(i crop cut 6/27 and 7/1 

(%) 

S9,85 

' ' 1 

1st sampling 

2n(l 

6/30 ;m<l 
<’/4/46 
1/6/47 
(5/19/47 

8/29/'46 

1/24/47 

3rd 


0/25/47 

U i < 


i ■ 

a 

ii ii 



12/2/47 

tc 4i 


■ i 

! 13/16/47 

i 

iw 

i; : ; 


navii-(nirtal-----iisod in trial 

1 ■ ■ ^ / 

89.61 



1st sampling 1 

Slid 1' 1 

7/26/46 

l/6/q7 

6/19/47 

t i 

8/29/46 

1/24/47 

6/25/47 

{ i 

3rd 


■ , t'f ■ K ■ ■ 


av 




Artidcially dried ( Ardrier) 

90,50 



1st sampling 

( i it 


6/27 and 
f/l/46 

i t 

12/16/46 

5/22/47 

3/27/47 

2iul ' ' 


3/1/,/ 4 f 

1!)47 erotj cut 7/14, 7/16 and 7/24 
Sun-cured. — used in trial .. ..... 

92.19 

1st sampling 

2nd ! 

7/ 1 6 and 

7/25/47 

1/14/48 

'8/13747 

1/27/48 

Barn-cured- — used in trial 

90.50 

1st sampling 

8/7/47 

1/14/48 

8/13/47 

1/27/48 

2ml ‘ ^ 


Artidcdally dried (Ardrier) 

1st .sampling 

91.95 

7/14 and 

7/1G/47 

1/14/48 

8/28/47 

1/27/48 

2nd' '' 





units 
per g. liay 


First 

SJllU- 


Bec> 

Olid 

, . i sam* 

I ,,]iag 


Tliird 

sam- 

pling 


(I.Ol 


U.»14 


0.51 


1.14 

1.40 


100 


‘2.38 


0.59 


0.33 


0.32 

0.61 

0.55 

0,43 

0.48 


0.26 
j 0.18 

i 0.22 


0.42 


1.80 


2,00 


0.75 



liay were fully equal to. those on sun-cured hay in rate of growth, activity 
and physical appearance. This trial is still in progress and the detailed 
procedure and results will be reported at a later date. Tbe present paper 
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deals with the vitamin D content of the various lots of hay handled in 
different ^vays. Vitamin D determinations were made according to the 
rat assay method essentially as set forth in the U. S. Pharmacopoeia XII 
(5). The vitamin content ^vas calculated by establishing an equation for 
a curve of response essentially as outlined by Coward (3). Tables 1 and 2 
give the USP units of vitamin D per gram of material in the various 
roughages. The three hays of the 1946 crop were from the same cuttings 
(table 1), Two lots of ha^" were harvested and in each ease rex^resenta- 
tive samples of the three hays were obtained. Lot I was cut 9 a.iii. on 
June 27 ; tbe hay for barn curing was hauled in at 2 x^.m., June 28, and the 
sun-cured hay at 4 x).m. June 29. The weather was sunny except for 
a sliower of short duration on the first da 3 ^ The material for artificial 

TABLE 2 


Fiiamm 1) in hays cured in the dark (c\rcept ?io. 7) 


Plot 

Sample 

Bate 

out 


Dry 

matter 

USP 

units 

A 

1 

(1947) 

7/3 

PI Milts cut at 5 a.m . 

(%) 

00.92 

(perg.) 

0.75 


o 

7/3 

Plants cut at 5 p.m. 

91.80 

0,54 

:n 

( . ■ ■ o ' 

8/7 ■ 

Top of plants, green 

91.78 

: 0,84 


. 4 . . 

8/7 

Bottom of plants, mostly brown 

91.73 

1.00 

0 . , 

a- 

S/18 

Green leaves, li and picked 

91.41 

0.84 


(5 

1 8/18 

Brown leaves, liand picked 

91.33 

1.10 


' 7 

S/IS 

Hay, wiiole plant, sun-cured 

91.27 

2.30 


drying was obtained by following the mower and taking a handful of 
grass every few feet. This was placed in burlai:) bags so as not to allow^ 
any sun exposure. As soon as the mowing was completed, th&e hags of 
grass were taken to the barn, chopped and put through the hay drier 
(Ardrier). The drying involved but a few minutes. The dried material 
then was spread^ out on the floor of a dark barn loft for cooling and to 
complete the drying. Normally a roughage would be wilted until the mois- 
ture content was down to around 65 |)er cent before putting it through the 
drier. A few days later the material was mixed and sampled. The sam- 
ple of sun-cured hay was taken from each load as it was hauled in and the 
barn-dried sami>le was taken after it had cured, which required approxi- 
mately 2 Aveeks. 

Lot II was handled in the same niaiiner. It was cut at 4 p.m. July 1; 
the hay for barn euring was hauled in at 4 p.m. July 2 and the sun-cured 
hay at 4 p.m, July 3. A small shower occurred during the first night after 
cutting,' otheinvise the weather was siiniiy. The com]:>osition of a inix- 
ttii’e of these two lots would average approximately 63 per cent timothy 
and grass, 27 per cent alfalfa, 7 per cent clover and 3 per cent weeds. 
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Composite Sciiiiplcs were made of the two lots each ot siui'-eui’edj bai n-ciii*ed 
and artificialljr dried hay. They then were milled and appix>priate amounts 
sent to the assayingvlahoratory. 

The 1947 crop was handled similarly. Lot I was cut at 9 ami. July 14; 
the.hay for haru curing was hauled in at 11 a.m. July 15 and the sun- 
cured hay at 2 p.m. July 16. The weather was sunny for the most part 
and no rain occurred. Lot II was cut at 9 a.m. July 16; the hay for bam 
curing was hauled in at 10 a.m. July 17. The siui-eiired hay ivas thor- 
oughly soaked AAdtli a shower and so it was deeided to discard this hay and 
make another cutting from the same field to obtain sun-cured ha3’ without 
rain. Another supply for barn curing and artificial drying was ob- 
tained at the same time and these samples were mixed with tho.se from 
Lots I and II. This cutting was made at 9 aun. July 24.; the l:iay for barn 
curing was hauled in at 10 a.m. July 25, and since it ivas a fasl-tlrying 
dnj, the sun-cured liay was read^- to be luaih‘d in at 4 ii.m. on the same dny. 

Table 1 shows the vitamin D contents of the snn-enred and barmtuired 
hays used in the calf -feeding trial. Assam's for the artiiiciall.v drieil iiay 
harvested from the same lots are included for comparison. Tliree samples 
were taken from the 1946 crop of snn-cnred and luirii-cunHl hays — one 
at harvest time or soon afterward, one in January and the last one tiie 
following June. The same number ^YiU be takeu ITom the 1947 crop. In 
the 1946 crop there is very little difference in the vitamin D ciuitout of 
the sun-cured and barn-cured hays in the first two samples t.aken, the units 
per g. being 0.61 and 0.34 for the snn-eiu'ed luiy and 0,51 and 0.33 fur 
the barn-ciired hay, respeetivel^x The June sample, hoAvever, being reas- 
sayed several times, showed greater differences, the sun-cured hay averaging 
0.48 and the barn-cured hay 0.22 unit. These results suggest tluit there 
msLj be a tendency for some loss of vitamin D in storage. 

The hay wdiieh wnis dried artificially in 1946 had a deeided advantage 
iu tlie amount of vitamin D. The first assay showed 1.14 units ].>cr g, aud a 
re-assay of the same sample showed 1.40 units. Another sam])h^ from the 
reserve siippL" which was stored unmilied from July, 1046, to llun'li. 
1947, eoiitaiued 0.42 unit. These relatively high figures for artifteially 
dried hay were surprising. However, Wallis (7) reported 812 units 
of vitamin D per pound of artificially dried hay. His sample was cut. 
after dark and dried artificially in a dehydrating machine, thus elimi- 
nating any exposure to sunshine, Bechdel ct al (1) reported 150 and 300 
units of vitamin D per lb. of dehjnirated alfalfa hay for twu successive 
seasojis. The alfalfa was cut after sundown and dried in an artificial drier 
to prevent exposure to sunlight after mowing. It was planned to use 
this hay in a raehitogenie diet for dairy calves, but the amounts of vitamin 
D were found to be too large. On the other hand, Bechdel and Lands- 
burg (2) found a measurable difference in the antirachitic potency of 
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cleliydrated and siin-cnred alfalfa liay wlieii fed to calves as supplements 
to a basal racliitic diet. Two and one-iialf pounds of dehydrated alfalfa 
did not prevent the development of a mild rachitic condition over a 6- 
month feeding period whereas an equal amount of sun-cured alfalfa served 
as a complete preventive. - 

The first two samples of the 1947 crop show iiiglier vitamin D contents 
ill both the sun-cured and harn-eured hays over the preldous year. The 
barn-cured hay was a little higher than the sun-cured hay, the former 
containing 2.33 and 2.00 and the latter containing 2.00 and 1. SO units. 
Hoivever, the artificially dried hay contained only 0.59 and 0.75 unit per g. 
Other samples of these hays will be assayed, hut to date the barn-cured hay 
for both years is practically equal to the sun-c tired hay in vitarnm D 
content. 

The results of the assays on these hays indicate that vitamin D may he 
present in the growing plant to a larger extent than heretofore has been 
consideretl to be the ease. In order to tlirow some light upon tliis point, 
several samples of hay were cut from the same field and cured in a dark 
barn loft, the plants thus receiving no exposure to the sun after being cut. 
Samples 1 and 2 were cut at 5 a.m, and 5 p.m., respectively, to note any 
effect tiie sun migJit have upon the standing plant (talrie 2), Samples 3 
and 4 were taken to show any differences in the vitamin I) content of 
the top and bottom parts of the plants. The up]>er part was clipped from 
the lower without taking any special pains to separate the green stems 
and leaves from the brown. The lower part, nevertheless, consisted mainly 
of browned leaves and stems. Samples 5 and 6 wure hand picked to ob- 
tain only green leaves and brown leaves, respectively, no stems being in- 
cluded. A sample of the entire plant>s from the same area was sun-cured 
for comparison. It required around 7 to 10 days for the samples to cure 
in the dark barn loft. They then w-ere milled and sampled for assaying. 

All the samples cured in the dark contained appreciable amounts of 
vitamin D. They contained lower amoiuits of the vitamin than did the 
sun-cured sample, but were higlier for the most part tluin the sun-cured 
hays obtained in 1946 (table 1). Comparing samples 1 and 2, more vita- 
min D was present in the morning-ent sample than in the evening-eut hay, 
even thongh the standing plants of the latter received 12 hours of sun- 
shine, the respective amounts being 0.75 and 0.54 unit per g. Samples 3 
and 4 show a little less vitamin D in the upper than in the lower part of 
the plants, the respective amounts being 0.84 and 1.00 unit. Thus the 
brown part appears to contain more of the vitamin than the green part. 
This also is shown in a comparison of samples 5 and 6, the amounts of vita- 
min D in the green and brown leaves being, respectively, 0.84 and 1.10 units. 
The entire plant, as represented by the sun-cured sample 7, contained 2,30 
units, which is more than double the amount in either sample 5 or 6 taken 
at the same time and enred in the dark. This shows the effect of sunshine 
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ill iiicregtsiiig tlie Yitaiiiiii D content. The amount in all peoliability Aouh! 
be higher still if only the leafy portion was considered. WallivS (6) found 
that the leaves of a good quality green colored alfalfa hay were about six 
times as potent in vitamin D as the stems. The International Luiits were 
1G.45 and 1.72 per g., respectively. Since these Jiays eured, in tiie dark 
containedj for the most part, more idtamin f) than the suinGured hays 
(1946 crop) fed during the first 3^ear of the calf feeding trial, one might 
conclude' that they also would provide sufficient amounts of vitamm D to 
prevent rickets. 

GONCLUSIONS 

More work needs to be done on the vitamin D eontent of rougliages. 
The limited results of this study suggest that plants cored in the dark 
contain appreciable amounts of vitamin D. The brown havves on growing 
plants appear to have a somcnvhat higher vitaniiu D eonimit than fhc‘ gi’eeti 
leaves. Sunshine plays an important part in the lonualion of additional 
vitamin D during the curing process of rougliages. 
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THE EFFECT OF SOYA-PHOSPHATIDES ON THE ABSORPTION 
AND UTILIZATION OP VITAMIN A IN DAIRY ANIMALS' 

G. C. ESH,2 T. S. SUTTON, J. W. HIBBS, and W. B. KRAITSS 

Deparl nicnt of Dairy Husbaiulry aiirj the Institute of Nwtrition and Food Teehnology, 
The Ohio State University, Colrnnhits, and Ohio Affrimltural 
Experiment Station, Wooster 

It lias been shown by various reseai^eh workers (2, 6, 8, 35) that the 
liver of the newborn calf contains either little or no vitamin A. Analyses 
of blood of newborn calves also revealed that the level of vitamin A is 
exceptionally low (19, 20, 27, 32, 35) . 

Colostrnin, which has been found to be very rich in this vitamin (6, 
16, 24, 29, 35), is the first natural material which the calves consnnie to 
overcome this defieiency. There is a wide variation in colostral vitamin A 
among cows of the same breed (29) as well as in different seasons. At- 
tempts have been made to increase the vitamin A potency of colostrum by 
feeding extra vitamin A during the latter part of the gestation period. 
Stewart and AieCallum (30) failed to find an inci'ease of this vitamin in 
colostrum following the feeding of carrots or cod-liver oil. Contrary to this 
finding, Spielman a?, (28) wmre able to demonstrate an iticreased amount 
of vitamin A in colostrum and in the blood and livers of calves following 
the feeding of large doses of the vitamin during the later stages of the 
gestation period. Wise ei al, (35) also found higher levels of vitamin A 
in both the blood and the liver of the newborn calves when the dams were 
fed supplementary vitamin A during the gestation period. When iax’ge 
doses of vitamin A or carotene were fed during the later stages of gesta- 
tion, the decrease in the blood plasma vitamin A and carotene of cows at 
parturition was not prevented (5, 17, 33, 34), although a higher level was 
maintained than "was observed in the controls. 

Numerous reports have been published regarding the importance of 
vitamin A in ealfhood nutrition. Attempts xvere made to raise calves on- 
skim milk supplemented with vitamin A concentrate (18, 19), usually with 
disapi>ointing results. Wisconsin w^orkers (19) reported that vitamin A, 
together wdth ascorbic acid and nicotinic acid, would increase the sur- 
vival rate of calves on skim milk. Later work (12, 21) showed no bene- 
ficial effect of nicotinic acid feeding, especially in conjunction with large 
doses of vitamin A supplement. 

The question is raised as to whether or not other sources of vitamin A 
or carotene along with skim milk can be utilized in the same w’-ay as the 

Eeceived for piiblieatioii January 23, 1948. 

1 The data in this article are taken from a part of the dissertation presented by G. 
0. Esh ill partial fulfilment of the requirements for the Begree of Doctor of Philosophy 
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eolostrul vitainin A or carottjiie. SpicliiiaJi cl oJ- (26) luive shown tlitii 
the carotene of commercial coiiQontrates is poorly utilized by the very young 
calf. They have reported further that the vitainin A and carotene in 
colostrum are used more eifeetively than are vitamin A and carotene added 
to skim milk or similarly fortified reconstituted skim milk. Knowledge oi. 
the exact niechauisin of absorption and utilization of vitamin A in^the 
animal system still is inadequate. 

Considerable work has been done during recent years reg^arding the 
synergism of vitamin B and vitamin A (10, 13) a>s well as o.t leeithin 
and vitamin A. It lias been reported tliat in the case of rats (25), eiiieks 
(22), and man (1), the utilization of vitamin A and carotene ean be 
influenced by soybean phospliatides. 

The purpose of the present investigation was tAVofold: (a) To deter- 
mine the extent to Avhich the Adtamin A level ot* the blood and lafioslrnm 
of coAvs and the vitamin A reserve of the ncAA'lioni calves may be affeided 
by feeding large doses of vitamin A along with suA’bean pho.splui tides dur- 
ing the later stages of gestation, and (b) to throw some light on the 
mechanism of absorption and utilization of vitamin A by calves on a .skim 
milk ration from the time of Ifirth, 


ExrKaiMn.NTAn pnocnnuim 

This experiment Avas undertaken daring the late Avinier and early 
spring months of 1947 Avliile all the animals Avere on a Aviiiter herd ration. 
TAA’-euty-six pregnant dairy coavs of the Jersey and Holstein breeds pro- 
Auously maintained under similar conditions of feeding and management 
Avere divided into three dietary groups approximately 30 days prior to 
parturition. Group I, consisting of ten coavs, Avas again subdivided into 
tAvo groups of* five eacli. Group I-A received only the usual herd ratiotv' 
and Group KB the same ration plus 10 g. ol: soybean lecithin'^ daily. 
Group II, consisting of eiglit cows, Avas given one million I.IJ. (InlerMa- 
tional Units) of vitamin A*" daily, in addition to tlie herd rafion. Grtmp 
III, consisting of eight animals, received the herd ration jdus one million 
LU. of vitamin A and 10 g, of lecithin daily. 

These rations Avere eontinned to the seventh day following the day of 
parturition. The Aotamin A Avas giveii orally in gelatin capsules at ap- 
proximately the same hoar each day. The lecithin was mixed carefully 
Avith the vitamin A concentrate (fish-liA’-er oil) and special gelatin cap- 

sTlio herd ration consists of ground corn 400, ground oats 300, wboat brjin 100, 
soybean oil meal 100, salt iodiz.ed 0, ;ind tlie silage and hay ad Iihilum. 

Soybean lecithin supplied by the American Leeithin Company, Long Island City, 
New York, contained 70 per cent soya phosphatides (leeithin, eeplialin and liimsitol) and 
80 per pent soybean oil. 

s Vitamin A capsules were supplied by the Gelatin Products Company, Detroit, 
Mielugan. One gram of this capsule had 25,000 I.L. vitamin A. 
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{Allies each eoiitaining 3.33 g. of lecithin and 333,333 I.U. of Adtamin A 
were pi’epared each Aveek and stored in the refrigerator. Three of these 
capsules A\^ere administered daily to the cows in Group III. 

Blood plasma Autamin A and carotene Avere detenniiied each week be- 
fore parturition, at parturition, and at 1, 3, 7, 14, and 21 days after parturi- 
tion. Vitamin A, carotene and lecithin anaB^ses Avere made on the colostrum 
and milk samples suceessivelA" at parturition, and at 1, 3, 7, 14, and 21 days 
after parturition. ^ Tavo cows in each of Groups II and III were fed in 
the same way for approximately 60 days before parturition in order to 
determine the possible effect of feeding Autainin A for a longer jieriod on 
the changes of Autamin A and carotene levels in the blood plasma of the 
coAVS and their cah^es and in the Imn* of the calA^es as Avell as in the 
eolostrum and milk. 

Blood plasma vitamin A and carotene were determined in the newborn 
calves before they liad access to colostrum or other feed. A feAV calves 
from each of the representative groups were slaughtered after birth to de- 
termine the liver storage of vitamin A and carotene. All of the calves 
which Avere not slaughtered at birth from the above experiment (15 in all) 
were divided into three groups. There was no predetermined basis for 
the allotment of eah^es to the Aumous groups except that the largest 
number of calves from cows fed Autamin A and lecithin Avere allotted to 
group B, wliieh Avas assumed to be the group i:eceiviiig the most rigorous 
treatment. Preliminaiy data had shown higher liver storage in the calves 
from tliese cows. The cah^es in Group A Avere fed colostrum at the rate 
of 10 Ih, per 100 lb. of hodyAveight for 7 days after birth. A composite 
mixture of colostrum A\ms made and stored previously to standardize the 
feeding in every ease. The Autamin A, carotene and lecithin contents of 
this mixture of colostrum Avere determined, and the total Autaniin A and 
lecithin consumed by each calf Avere ealctilated. The eah^es in Group B 
Avere fed skim milk at the same rate for 7 days after birth. They Avere 
not ])(Tmitted to recewe any colostrum. The same quantity of Autamin A 
consuined daily by the eah^es in the eolostxuim-fed group (Group A) Avas 
added to the skim milk CA^ery day. The calculated quantity of Autamin A 
oil (25,000-37,500 I.IT.) Avas liomogenized with the skim mitt before each 
feeding. Group C Avas fed skim milk plus the same quantity of vitamin A 
and the same quantity of lecithin (3-4.5 g.) as Avas consumed daily by 
the eattes in Group A. This feeding schedule Avas continued for 7 clays 
folloAving birth. The appropriate quantities of lecithin and vitamin A oil 
AA^ere homogenized Avith a small amount of skim milk and then mixed with 
the skim milk to he fed at each feeding. The siuwiving calves of all the 
groups Avere fed AAdiole milk after the seA^enth day. 

Vitamin A and carotene of blood plasma Avere determined successively 
at birth, and at 1, 3, 7, 14, and 21 days after birth. After 21 days, some 






464 


CK C. VZHll KT \h. 



of the calves from eacli of the representative groups were slaiiglitertHl t{j 
determine the total liver storage of vitamin A. and of carotene. 

Yitamm A and carotene of blood plasma were determined according to 
the method of Kimble (15). The vitamin A of the blood samples having 
carotene concentrations exceeding 300 was determined by the method ot 
Boyer al (3). The vitamin A and carotene of the colostrum and milk 
samples were determined by the method of Boyer et a/. (4), with slight 
modifications. Instead of cold saponification, a hot saponification pro- 
cedure was adopted. Five milliliters of colostrum or 25 mi. of milk plus 
10 g, of caustic pota>sh plus 50 mi. of methyl alcohoi were refluxed in a 
boiling water bath for 10 minutes in a low actinic flask with a ground 
glass fitted reflux assembly. After cooling, tlie mixture was Iran.sf erred 
to a separatory funnel, rinsing tlie flask Avith 55 ml. of water. The mix- 
ture was extracted successively with 50-ml. and with 25-ml (juantilies of 
diethyl ether. The remainder of the procedure was tlie same as that of 
Boyer et al, (4). Liver vitamin A and carotene were determined by using 
the extraction procedure of Guilbert and Hart (8), with slight modifica- 
tion. Lecithin was determined according to the procedure adoptt>d by 
Ilorrali (14). All of the eoiorimetrie measurements were made in an 
Evelyn l^hotoeleetric Coloriinoter, iising the a]>pro]>riate filter’s, 

RESULTS AND DISCUSSION 

Effect of prepartal vitamin A (vnd leeifhin feeding on the viiamin .1 
a7id carotene levels in Ike blood plasma of <wws. The individual animal 
data are too voluminous to report ; therefore the data are summarized in 
table 1. It will be noted that the feeding of leeitliiii or of vitamin A, nr a 
combination of lecithin and vitamin A, did not pi'event a decrease in blood 
plasma vitamin A and carotene at the time of parturition and beginning 
lactation. However, liigher vitamin A levels ^vere maintained Avlieji vita- 
min A was fed with or without additional lecithin (34). When both vita- 
min A and lecithin were fed, the highest blood vitamin A kwel Avas main- 
tained; the level following parturition Avas iiigiier (statistically signifi- 
cant) than that found 4 Aveeks prior to parturition. Tiicse data arc' con- 
sidered as presumptive evidence tliat lecithin facilitates tlie absor]>tion of 
vitamin A, Thei’e was considerable individual variation both in the time 
Avlien the maximum decrease Avas noted after parturition and in tlie mag- 
nitude of the decrease. If samples had been obtained at more freepumt 
intervals, perhaps these differences between groups Avould have been more 
clear-cut. Feeding of lecithin apparently has a tendency to delay the 
time of maximum postpartum decrease in blood plasma Adtamin A. Al- 
though the vitamin A and lecithin feeding Avas discontinued on the s(‘venth 
day postpartum, a carry-over effect Avas still apparent on the tAventy-first 
day, the greatest carry-over effect being obserA^ed when both vitamin A and 
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lecithin were fed. These data- provide additional evidence that liigh levels 
of vitamin A in the blood plasma of cows can be maintained b} high ie\ els 
of vitamin A feeding (34) and that this can be done more eiiecti^elA b\ 
feeding a eombination of vitamin A and lecithin. 

TABLE 2 

The efeQis of feeding vUo/min A and tritamin A pins lecithin on the changes m the 
‘vUiimin A conienit of eows^ eolostruin and mdlc up to dags poni part nm 


Yitamin A of colostrum .and milk (7/IOO ml.) 


Cow no. 

At parturi- 
tion 

24 hr. 

3 d. 

7 ( 1 . 

14 a. 

21 tl 


Group I- 

A (control group without lecitluu) 



SolH 

490 

! 67 

, 35 

I 19 

17 

IS 

873 J 

145 . 

79 

i . 21 

16 

, 15 . 

31 

820 J 

141 

52 ■ 

^ 33 :' ■ 

31 

. ' ■ 14 

15 

seoj 

1 134 

69 

, . 68 : 

i ' 22 ■ . ^ 

13 

14 . 

620 H 

218 

113 

' 29 

is 



Mean I 

V ■ 226 

76 ' 

A' 37 ' '■ 

‘ . at .| 

111 ’ 1 

15 : 


Group I-B (control group %Yitli lecithin) 


798H i 

143 

i : ^ 46 ■ 


. 4.8 

j , . ' 22 . .' 

1 ■■'25: 

616H 

132 

60 

58 

22 ' ' 

19 

i 17 

801H 1 

98 

■■ 40. ■ 

21 

", . ! 


1 , - . 

7GSJ 

216 

105 A 

43 

i 27 . 1 

17 A 

18 

800J , 

134 

' 92 ; 

, . 00 ■ 

25 ■■■; 

'.A 

16 

Mean 

145 

69 

36 

23.\.' ; 

21 

19. 


Group II (Autuiuiii A) 


756K : 

229 

167 

123 

'31 ■■"■ 

25 

692J 

420 

131 

179 

71 

23 

812J 

163 

A'T72 . ' 

^ . 141 ■■ 

, 97.' , 

11 

71LT 

304 


169 

201 ■'.'.■ 

' 74''7 

■a;. '■649J. '■■^, 

216 

222 

. :■ .32 : 

144 

28- 

'■ -';7.52HV, 

705 

302 

'::::ai6i: 

191 


Moan 

'a'.v ^ 39 '.;:.^ 

197 

134 

r 1 22 j 

33 


Group III (vittiinin A plus locithiii) 


802H 

552 

113 

> 170..' 

■ 70 . . ■ 

. V ,' . " 31 A-.' 

800H 

598 

156 i 

I'. 195 

77 ' ' . 

31 ■ 

743H 

377 

i -7 158 ■ ' 

!' 112 

■; 148^^.,. 

lit? 

675J 

847 

210 1 

.. ".125 ■ 

.... '148. ■ ,■.■ 

A- .."A" 25 

760J 

1119 • 


..■A'lmfA 

. , / :i.62--,:,,. 

. . - 29 ' 

Meaa 


229 





The effect of feeding lecithin alone is not statistically sigiiilieant al- 
though the decrease in blood carotene following parturition appears to be 
about 10 per cent less when lecithin is fed. 

The effects of feeding Vitamin A and Yitamin A plus lecithin on blood 
plasma carotene at the time of parturition are difficult to interpret he- 


ms 5; 
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A-anse the «;lep]vs:^iji.u' effeet (7) cif A itaniiT] 
earote:ne. This (lepressiiig.effeet 'was striking 
rows fed 'vitamiu A and ieeitiiin for 8 Avee 
earotenc eonteiil: of tlie blood of these cows 
ml. at S weeks prepartmn and, at 7 and 21 d 

TABLE 3 

The iriTvi^fs of feeMn^ viiamm A and vitamn A pli 
farotfiie conic ni of cows’ cohslricm and •milk 


Caruteiie of eolosti'ora 


' ' . Cow lio. 

At pnrtii- 1 
ritioii { 

24 Lr. 1 

! 

3d. 


Group L 

-A f control group Avith 

rf ■ seif 1 

..105. 

■ 42 

18 

Ia g73J: .1 

2(U) 

157 

IT 

. 82(U ■ i 

■ 101 ■■ ■ 

74 ■ ■ 

36 


. 1-70 

105 

: 52 

620H ■■ .1 

. ■ . 133' ■■ 

71 

IS 

fV: Alaoji. i 

: , . .180 . ' 

90 

C 28' ■ ' 


Orou}! 1-B (t-ontrol group wl 

jf '■ ^n*SH ' ' 

223 

53 


■M-':::.-:- 016;il 1 

... .200. ' 

SO 

46 

' . .SOUL .■f 

:i05 

■ 34' ' 

17 

d?'- 7il3J 

218 

210 

'■ 53 

SOO.T ■ .■ 

: 172 ^ 

■58'- 

10 

Motoi 

[■ - iss ■ 

- ■ 90 ■ 

. 

31 



Group 11 

(vitamin A 

V 'c^ ^ ■' 75511 

.140 ■. 

108 

48 

692J. ■ 

! 137 

36 

20 

... A ■ m^T , 

1 . 113 . , 

.' '.'62 ■ 

18 

TILT 

f 152 


34 


i 103 

m ' 

10 

1;1' : 7o2J ' 

1 ^ 115 

■■.■>.^47: 

[10 

-T;.-;' .Mean 

r ' ^ im 

" \ .64 . 

. ■ 

oo 


Groux> ITI (vitamin A plus 

■ A-''- 

* 17.1 

24 

15 

■w smn 

105 

27 

25 

■■■■■' ■■ 743H.:^ 

..^' , 168 • 

30 

16 


213 

. .,7.1 . : 

idM'. : 

i , 

' 200 

42 

16 


195 

39 

20 


Ejfeci of prfpartal intaniin A mid Iccith 
carotene and lecitMn content of colostrum. 
when vitamin A was fed, the vitamin A in i 
-higher than that produced by the groups rei 
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both vitaiiiiji A aiid. lecithin wei‘e fed, tlie vitamin A iu the first luilkiuji nt 
colostrum Avas approximately double that of the colostrum from coats re- 
ceiving' vitamin A alone. This difiEerenee became less as tlie milk ap- 
proached noi'mal and had A'anished by the .seventh day postpartum. I he 
effects of A'itamin A feeding on the potency of the milk still were eA'ident 
2 weeks followiiig the end of the Autamin feeding. 

The data on the effect of feeding lecithin and Autamin A on the carotene 
content of the colostrum and early milk are presented in table 3. The 
feeding of vitamin A depresses the level of carotene in colostrum and 
milk, a residt AAdiieh has been reported previously (7). It appear.s also 
that the feeding of lecithin Avith the vitamin A enhances thi.s suppressing 
effect. Additional data are needed to confirm this point. 

As preA'iously noted, three animals Avere fed vitamin A and leeithin 
for a period of 8 weeks before freshening. The limited data obtained 
from these animals indicated that higher levels of vitamin A Avere main- 
tained in the milk after the third day folloAving parturition and the milk 
carotene Avas further depressed. These limited data need further eonfir- 
mation. . 

. The cai’Otene content of colostrum and milk follows the same trend as 
in the blood. The apparent antagonistic effect of supplemental A'itamin A 
on blood and milk carotene is not explainable in the light of present knoAvl- 
edge ; hoAA^ever, its occurrence seems to be beyond doubt. 

The total output of vitamin A in International Units per milking is 
presented in table 4. Althoiigli the level of carotene ha,s been depres.sed 
in the vitamin A supplemented gi'oups, the total output of vitamin A is 
higher in these groups. Wlien leeithin was fed Avith vitamin A, the total 
output of vitamin A was highest, especially at the fii’st milking. Tiiis dif- 
ference is so great that there is little doubt of its significance. PolloAving 
the discontinuation of vitamin A supplementation on the seventh day, a 
sudden marked drop in vitamin A oecAirred. In the ease of those animals 
reeemng both vitamin A and lecithin, the drop Avas more gradual. Ke- 
sults iu the control groups are interesting. Although the vitamin A eou- 
ceiitratiou in the milk of the control group I-A (Avithout lecithin) Avas 
higher than that of the control group I-B (AAuth lecithin, see table 2). Ihe 
total output of vitamin A is higher in the leeithin-fed group. This is due 
to the greater milk yield. Whether this increased milk-yield is due to 
lecithin feeding is to be determined by further experiments Avith a larger 
number of coavs. 

The effects of lecithin feeding on the lecithin content of colo.strum and 
milk are shoAvn in table 5. The leeithin content of colo, strum and milk 
seems to be maintained at a higher level Avhen botli vitamin A and leeithin 
are fed. The carry-over effect is still apparent in the milk on the twenty- 
first day, 2 weeks after the supplemental feeding Avas discontinued. When 
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leeitliiii is :i'ed without vitaniiii A or vitamiii A fed without leeitliiii, the 
ainount of lecithin in the colostrum and milk is little difterent from that 
of the control g;roiip which received no supplement. It Appears from these 
data that there may be a reciprocal relationship in the absorption and/or 
metabolism of tliese two compounds. 

TABLE 4 

The vffvefs of ftodiiuj vKantin A and vita min A phis lecithin (rn the changes in total 
onipnl of vitamin A per miXking np to B1 days pOHtpccrtnm 


IXT.‘i of vitaniiii A per milking' 


C’ow in>. 


{ At pjrrturi- 
I tlon 


24 lir. 


14 d. 


21 d. 


Grovip 1“A (control group without leeitliin) 


sniii 
S / tkl 
K2(»d 
866J 
G20H 


Me.'Ui 


130,110 

if>/)0r> 

nioti 

50,592 

46,150 


13,557 

13, IMS j 

. 6,717 

7,541 

11,831 ' 

i 3,696 i 

i 3,7(i9 

4,482 

1 0,7 31 

! 8,759 

1 4,839 , 

5,723 

8,361 

i 8,480 

i 5,133 ' 

4,732 

23,273 

! 6,445 

4,147 

j ■ 


14,550 

j 8,206 

1 4,921 

5,620 


8,323 

3,601 

6,937 

3,932 

5,698 


Group I“B ((.outrol group witli lecithin) 


rmi 1 

55,600 

3-1, (ilO 
37,710 


9,899 

13,075 

17,668 

61611 1 

53,950 

.25,264, 

n,i9.^ 

13,078 

8,400 

soil! i 

763.1 i 

87,780 

72,350 

■19,854- ' 
'5,304' 

9,351-'^ 

;i 9,440 

8,629 

6,353 

7,770 

soo.r : 

20,512 

I' 30,058 

5,994 

8,146 

8,781 

3,961 

jMeaii .i 

57,638 

i ' ' 25,507 

1 ■ 15,012 j 

9,467 

j 10,321 

8,950 


Group II (vitamin A fed) 


755H 

1 58,883 i 

90,360 

1 47,782 

! 16,685 

6923 

i 112,493 

41,939 

60,538 

25,285 

■ S12J 

‘ 45,740 

37,675 

45,764 

32,017 

711J 

36,652 

1 ■ ■ 

52,145 1 

67,821 

(540J 

V 34, 285' ■ 

1 24,123 

■ ■■ '6,137. 1 

41,377 

752II 

! 280,100 

■125;412' , .'J 

60,156 1 

72,996 

Alean 

j -■ 94,602// 

J 63,902 

■ ■ '45,420 ■■1 

. 1 

1 42,697; 


12,693 

7,645 

6,355 

21,279 

8,436 

11,282 


16,993 

12,844 


8,831 

13,443 


13,027 


Group III (vitamin A plus leeitliin) 


852H 

102,850 

' ■ 22,056'; .'" 

55,220: 

19,315 

9,649 

SOBII 

455,910 

V . ''51, 539/"..' 

112,227 

33,145 

14,169 

74311 

295,940 

66,164 

35,697 

59,653 

. 76,830 

: 175.1 

146,240 

55,198 

30,774 

42,357 

9,092 

7601 

141,713 

/,::5a,997 ,/j 

! :::;;;A5,1S3 /;| 

/..; 51,164/:;::, 

0,417;:: /.' 

Mean 

228,530 

'■■?■ "50.391-' '.i 

' ■ ' -.'.I 

55, 82o;'/;j 

41,127 ■■■■] 

23,830 


6,955 

23,099 

10,979 

15,751 

9,253 

13,207 


One mierogram of carotene = 1.66 


a One mierogram of vitamin A=: 4 I.IJ. Vitamin A. 

T.IT. vitamin A:,' 

Bfect of supplementing the maternal diet with vitamin A and lecithin 
on the hlood plasma vitamin A and carotene of the ncivhorn calf. Tiie re- 
suits of this phase of the study are presented in table 6. The plasma %dta- 
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■min A of tlie cah-es from cows reeehdiig vitamin A si^ailitanll^ 

liiglier than that of those from the control cows These ^ “ 

agreement with those of Wise ct flL (35) and Spielman et al. (./)• Ihe 

TABLE 5 

The effects of feedmo mtaminA and mtamin A plus leoithm mthc ehanaea tn 
ihe efeas 0] jee ,,,,a ________ 


852H 

S06H 

74:311 

675J 

760a 


Mean 


"pereeBtagcTolI^itlnn in colostrum and milk 


Cow no. 

At partn- 
ritioii 

24 hr. 

3 d. 

7d. 

1 

14 d. 1 

21 a. 


Group I-A (control group witlumt leeitlun) 


851H 

873J 

820J 

866J 

620II 

Moan 

0.062 

0.076 

0.058 

0.068 

0.060 

0.065 

0.051 

0.059 

O.OSO 

0.063 

0.049 

0.044 

0.043 

0.049 

0.048 

0.047 

0.02S 

0.039 

0.038 

0.039 

0.038 

0.036 

0.029 

0.03S 

0.021 

0.020 

0.034 

0.030 

0.024 . 
0.038 
0.020 
0.030 

0.029 A 

Group I-B (control group wxtli i(‘Citliiii) 



! 0.026 

i 0.025 

1 ,,0.020 ■■ 

i , ■ 

1 0.020 

1 0.020 

'■ -::.,798H; ' 

616H 

801 H 

763J 

800J 

Mean 

0.076 

0.076 

0.051 

01^73 

0.055 

0.066 

0.056 

0.043 

0.053 

0.0.51 



0.056 

0.023 

0.074 

0.055 

0.052 

0^048 

0,042 

0.021 

0.042 

0.026 

{>.(613 

Group 11 (vitamin 

^A.) ■ 



1 ■ 

75dH 

692J 

812eT 

711T 

G49J 

752J 

Mean 

0.068 

0.064 

0.056 

0.088 

0.064 

0.084 

0.071 

' 0.003 

0.046 
0.040 

0.035 

0.067 

0.051 

0.055 

0.052 

0.044 

0.074 

0.020 

0.059 

0.052 

0.046 

0.047 

0.039 

1 0.055 

0.060 
0.052 

0.049 

0.031 

0.024 

■•■: ■0.036, 

0.036 

0.036 

„]■. ' 0.033 

I 0.025 : 

,j. ’ 0.023 

• 0.040 

■| 0.038' 

■ j 0,032. 


Group HE (vltnmiii A plus kHdihiu 


0.094 
0.094 
0.069 
. 0.093 
0.093 


0.062 

0,057 

0.058 

0.000 

0.050 

0.051 

0.049 

0.010 

0.040 

0.100 

0.180 

0.081 

0.102 

0.075 i 

■: ■ ■ 03)56' 

0.075 

0.060 

1 0.057 


0.044 

0.046 

0.046 

0.059 

0.052 

0.049 


■0.036 ■ 

■ 0.051 
0.030 
0.055 
0,051 

■■0.045 ■■ 


slightly higher mean valne of the blood plasma vitamin A of calves from 
cows receiving both vitamin A and lecithin is insignilieant. 

It appears from the data on blood plasma carotene that a combination 
of lecithin and vitamin A in the maternal diet exerts a suppressing action 
on the level of carotene in the blood of the newborn calf. These data, 
however,- are within a range where experimental error of determination is 



SSSiliSIP 


SOYA-PHOSPHATIDES AND VITAMIN A 


apt to be rather higii, and the differenee may not be as significant as the 
statistic indicates. 

The effect of supplementing the nmternal diet with vitamin A and leci- 
thin on the Inver storage of vitam/m A arid carotene in the newborn calf. 
Seven of the calves were sacrificed at birth to determine total liver storage 


TABLE 6 

effect of increasing the mtumm A and leeithm content of the maternal diet on the 
blood plasma andliver storage of vUa^nin A and carotene in the netoborn calf 


Oah^cs front Group I (eoiitrol eovvs) 


Galves from Group II (cows fed vitaraia A) 


Cnlxo6 from Group I IT (cows f(?d vitamin A plus 

^ SoSJ'.-r.'- y L " ■ : -^9.2::'' 0.0 ' ' t 

TOOJ 947J 0.0 “ 2.8 | 

74811 OoOH 10.7 ■ 0.0 

852H 040H 10.2 ' 0.0 I 

„. ^:'857H : . mm . ■ 43.6,,. . ^ 

0754 8244 8.2 5.7 438 

BOOH 82011 15.1 * 0.0 945 

Moan lO.D 1.2 

a These cows were in Group I-B p lecithin was fed. 

of vitamin A and carotene. Tliree of these calves 
Group I, two from cows in Group II, and two from 
As previously reported by other workers (27, 35), a st 
greater liver storage was found in newborn calves 1 
massive vitamin A supplements. The cows receiving 




Blood plasma data 

Liver storage data 

Bam no. 

Calf no. 

Yitamiii A 

Carotene 

Liver wt. 

Vitamin A 

Total A 



P/100 : 
mh) 

p/lOO 

ml,) 

(9-) 


(V) 


.8664’, ■■ 

1 S19J ■ - ■ 2.4 

4,2 




■S73J ' 

1 S20J 3.5 

6.3 




85:iH 

82511 6.5 

11.4 




' 800Ja 

944J "7.7 

4.2 : 




820 J " 

821 J 5.4 

9,2 ^ 

434 

0.59 

A' . ' 249 .■ 

620H 

948H 8.9 

0.0 

1000 

0.25 

■ 252' 

SOlHa 

.'82811 8.4- ■ 

5.6 

793 

0.08 

67 


■ Mean ■ ' 6.1 

5.8 ' ■, 


■ 0.31 

190 


75511 

9()5H 

'72'' 

11.4 




S12X i 

946 J 

9.S 

8.5 




71LT 

85311 

■ -823J 
830H 

8.6 

9.3 

8.4 

0.0 ! 




752H : ■ 

82911 

10.7 

0.0 




■ 6924 ■■■ 

: 822J 

11.5 

4.9 

435 

L i2.o ;: ,-' 

6341 

"649J" , ■ 

827J 

6.2 

7.0 

500 

i m/v 

65S0 


Mean 

..(■■A 9.0 

... ' , 5.7 ' 


12.5 

5910 
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lecithin gave birth to calves with almost doiibie the liver vitiiiiiiu A storage 
of those from cows receiving vitamin A alone. As can be noted from table 
6/ this difference was due in part to higher concentration and in part to 
greater liver weight. Although the numbers are limited, the magnitude 
of the difference is so great that there is little doubt of the significance, 
particidarly in the light of the other data presented in tliis paper. Pnr- 


TABLE 7 

The effects of feeding colostrum, slum millc, pins vitamm A and si' ini mill: plus 
vitamin A mid lecithin on the plasma vitamin n levels of calves 


Calf no. 

Bam no. 

33 am 
group 

Vitamin 
A fed 
daily 
(I.U.) 

Vitamin 

A in plasma (■>'/100 ml.) 

At birth 

24 hr. 

3(1. 

7d. 

14 d. 1 

21 (1. 



Group A (co-lostrum-fed ealves) 




945H 

755H 

11, 

37,500 

■7.2 

4.6 

27.9 

.16.9 

9.4 

9.3 

819J 

S66J 

I~A 

25,000 

2.4 

8.2 

24.0 

9.9 

13.6 

8.3 . 

820J 

873J 

I~A 

25,000 

3.5 

11.9 

25.4 

■ 23.3 

33.5 

ILl 

944J 

800J 

I-B 

25,000 

7.7 

.13.5 

18.2 

.19.9 

14.6 . 

14.1 

882J 

S55J 

HI 

25,000 

9.2 

n.9 

20.2 

20.7 

18.2 

15.9 




Mean 

: 

10.1 

23.5.' 

18.2': 

13.8 

11.7 



Group B (skim milk plus vitamin A) 




'SSdHA, 

851H 

I-A 

37,500 

6.5 

5.3 

12.0 

i Fell 

siek an<l died 








on the 7 

th day 

04O\T 

812, r 

II 

25,000 

9.S 

6.6 


...ff 

i' ti 

it 

947Ja 

760J 

Til 

25,000 

6,6 

6.6 

8.7 

13.9 

11.3 

6.6 


743H 

III 

37,500 

10.7 

10.4 

12.2 

10.1 

■; 9.3 . 

■.■'22.0 


854J 

III 

25,000 

5.9 

9.3 

■13.2 ■ 

13.3 

died on the 



' 

. 

■ , 





11th day 




Mean 

7.9 

7.(> 

11.4 

12.4 




Group 0 (skim plus vitamin A plus lecithin) 


8233 

71 U 

II 

25,000 

8.6 

15.7 

15.7 

.18.7 

1 16.8 ; 

13.9 

949H 

1 852H 

m 

37,500 

10,2 

10,7 

30,3 

35.0 

I '20.8 : 

16.0 

95in 

1 857H 

III i 

37,500 , 

13.6 

10.7 

19.2 I 

V2'7.8 : 

! 17.2 ! 

10.5 

S30H 

■ 85311 

II 

37,500 

0.3 

18.3 

' 14.3 

.28.1 ! 

1 12.2 i 

15.3 

829H 

r ■:752H'’ ' 

II 

37,500 

10.7 

13.6 

16,8 ’ 

' 22.B^ .| 

1 mA 

12.2 




Mean 

i ■10.5 

13.8 

1:9.3'.' ' 

'■ 26.3 '1 

' . 15.9 '■'■■'■^j 

Kll* 


a Given 2% cocoanut oil per feeding. 
Given lecithin from the 6th day. 


ther evidence of the effect of vitamin A feeding on liver storage l.s shown 
in table 9. Calves 832 J, 831J, and 830H were from dams that received the 
vitamin A supplement for 8 weeks prior to parturition. Vdieu these ealves 
Avere sacrificed at 21 days of age (calf 831J died at 11 day.s of age), the 
liver storage was significantly higher than that of other cominirable ealves 
Avith similar histories and treatment. 
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Efi'cet of the diet on the hlaod ])lasma vit(miin A levels and 

the liver Vitamin A storage of young calves. As previously indicated, the 
calves iroBi tlie cows in this experiment were removed from the dams at 
birth (before iinrsinn) and given special dietary treatments for the first 7 
clays. These dietary treatments have been described earlier in this paper. 

The data obtained are presented in tables 7 and 8. The feeding of colos- 

TABLE S 

The effects feeding eolostrumf sMm milh plus vitamin A and sTim miTh plus 
vitmmn A and lecithm on the plasma 


Dtiin 110 . 

Bam 

A fed 

Carotene 

ill plasma (T/lOO ml.) 

group 

dailv 
(IJf.) 1 

At 

birtli 

24 hr. 

3 d. 

7d. 

14 d. 

21 d. 


Group A (colostrum- ted calves) 


mm. ■ 

7t)5H 

n 

37,500 

11,4 

D.V 

24.7 

3S.8 

20.6 

23.2 


HM,] 

■ ;^A'. 

2.5, 000 

■ -4.2. 

0.4 

4.9 

62.1 

49.4 

37.2 

s2uj 

S73J 

I-A 

23,000 

0.3 

2.8 

20.3 

58.7' 

29.0 

21.8 

IhlU 

suo.r 

' .T-B 

23,000 

4.2 

21.7 

48.1 

22.4 

51.0 

35.6 


■S55J . 

III 

25,000 

0.0 

, '5,7 

29.4 

35.6 

57.0 

32.4 




Alean 

- 5.2 

. 8.4: 

26.6 

43.5 

41.3 

30.0 



Group B (skim milk plus vitamin A) 




S2r,n 

■■ 85111' 

I-Av 

37,500 

11.4. 

/ ,8 

13.6 

died on the 7th day 

!MtU 

S12.T 

11 

25,000 

S,5 

5.0 


a i( . a 

<f f n 

P47d'« : 

TdOd' 

III 

25,000 

2.8 

5.0 

■■■"7.7 

0.0 

12.8 

5.9 

■ PoCIHa 

74311 

m 

37,500 

0.0 

0.0 

■ . 3,5 

4.9 

17.2 

21.8 

82 1 J *1 

1 S54,T 

III 

>25,000 

0.0 

U.O 

0.0 

3.5 

died on the 


i ' 

) 1 




.* 



nth day 


I ■ i 

i. 1 


Alean 

4.5 

4.0, 

6.2 

2.8 





Group G (skim plus vitainin A plus loeitliiii) 



7: 823J ■ 

7ii.r 

II 

25,000 

8.4 

15.3 

15.3 

2.5 , 

15.3 , 

27.9 

P4P1I 

■S52H : 

in 

37,500 

0.0 

0.0 

0.0 

4.9 

32.4 

30.2 

Pol IT 

85711 

III 

37,500 

0.0 

0.0 

0.0 

4.9 

9.6 

26.3 

8;5PH 

. 85SH 

n 

37,500 

0.0 

2.6 

0.0 

2.8 . 

26.3 

14.3 

■82PH 

: 752H ■' 

n 

37,500 

0.0 

0.0 

0.0 

3.5 

12.8 

20.9 


: 


Alean 

,1.7: . 

3.5 

; 34.-, 

>3.7,' 

19,3 

24.0 


Given coceauut oil per feeding. 
Given lecilhiii from tlio (ith day. 


trnm vesiil1(!d in a marked increase in the amoniit of vitamin A in tlio 
blood, as has been noted by others (19, 20, 92). Tliere was an increase in 
blood plasma carotene following the feeding of colostrum (table 8), but 
the carotene remained low in both the groups fed vitamin A, as was ex- 
pected. The carotene increase in the latter groups on the fourteenth and 
twenty-first days resulted from whole milk feeding following 7 days of 
ag-e. There was no evidence of scours in the eolostrum-fed group. The 
calves receiving skim milk plus the vitamin A supplement did very poorly. 




i Vi;. 


1-i 


lloi 
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eiilvt'S iVictl, Iwo 


Serious scours developed ou^the The caH that died ou 

on the seventh day and one on ^ e vitamin A and lemthim 

the eleventh day was trom a cow appveciahle liver storage ot v.ta- 

and at the time of death Ins call of vitamin A 

min A (see calf 8olJ, tab ) ■ ^i^osc ^^h^ch 

permitted this calf 947 J and 95t)H, were given 

died on the seventli daj . Ihe ot 

y:: r^rtim :Shir— 

by the low blood level, was poor. 

T ‘VBLE 0 

vitamm A p ^ cMms at in days of ngc. 


Calf no. 


Bam no. 


Bam group 


m. of the 
liver (/;.) 


Yit^min ,■ 

('i^'/f?.) 


1 q-^otal 
vitamin A. 
( 7 ) 


Calvds from Group A (. .oloslrum-f..-a ) 


81 9 J 1 

8661 

820J 

1 S73.T 

832.Ta 

j ‘ 855.T 


T-A 

I-A 

ITI 


510.G 

526.8 

r,os.O 


■ V 
8.7 

n;i.o 


■1,724.0 

4 ono.o 
: 32,24*4*^1 


Culves from Group 


825H*’ 

946JH 

831JR 


851H 
81 2 J 
854J 


I-A 

TI 

III 


9S8.0 

460,.5 

453.8 


0.15 

11.S 

50.3 


140.0 

5,524.0 

25,570^' 


{!sottu i .^i r: , .^-t • \ 

A^7cs4rom Groui^^skir^ 


823,T 

830Ha 

839H 


7115 

853H 

752H 


XI 

II 

II 


549.0 
1124.0 

953.0 


5.4 

09.0 

36.0 


10.470.0 

77.556.0 

344010.0 


QO.Ql-I ■■ 1' ■ ■ 1 — 

^ e™ ««» '» * 

1 ) Died on tlie 7tli day. ^ ^ 

c Died on tlie 11th day. 

• A ' 4 itiv rm»fYnri I'oeeivinu slviui luillv |H118 

The low level of blood vitamin A m the ^ 1 _ 

vitamin A indicates poor vitamin A ahsorpimn ^ t . 1 ■ 

lecithin was added along with the vitamin ^ ^ \,y,, i,,,i..Hlc 

parable to those of the colostrum- ed ^ 

that soya lecithin enhances t le a soip a gronp but, in ceneral, 

:sre ns r :: ..v. 

ns:rrj::rkT:= 

of -bo- ^ ::i a.. 

rhAe/— L 0^ - C0lo«n™ ™.>- be 

responsible for the better absorption and utilization of eolostral vi am 
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An attempt was made to start calves on a skim milk ration plus cocoa- 
nut oil (two calves) and a skim milk ration plus lecitliin (two calves). 
These attempts failed and all the calves died on the fourth day following 
birth. ' 

The results of this pha>se of the investigation show that unless adequate 
quantities of vitamin A or its precursor are present in the ration and un- 
less favorable eireuiostanees for vitamin A absorjition are provided, the 
animal wdll quickly succumb to vitamin A deficiency, even wdien there is 
cpnskleraMe liver storage.' 

Limited data on the liver storage of vitamin A determined on the 
twenty-first day are imesentcHl in table 9. Here again it will be noted 
that the calves fetl the vitamin A plus lecithin had axipreciably higher 
liver si Drages. Wliile the ilata camiot provide eoneliLsive proof that vita- 
min A slm*an’e is greater wdieii vitamin A and lecithin are fed, rat data 
(SI) have [U’oved tliis point eonelusively. 

Previous workm^s (12) have sliown that the teeding of vitamin A in 
ca])sules resulted in increased liver storage. The results of the present 
investigation }u*ovide evidence tiiat the storage will be increased still fur- 
ther if lemthin is fed along wdtli vitamin A. 

' SUMMARY 

lAumly-six healthy pregnant dairy cows cd; the Jersey and Hie Ilolsteiu 
breeds were divided into three dietary groups approximately 30 days prior 
to |)artnritimi, Ejieh grou]) received the basic herd ration. Group. I, 
consisting of ten cows, was again subdivided into two groups; Group I~A 
received no sup]>lement and Group I-B the herd ration plus 10 g. of soya- 
lecithin daily. Eacli of the eight cows in Group II was given one million 
I.r. of; vitamin A (fishJiver oil) daily. Each of the eight cows in Group 
in was fed one million I.P. oF vitamin A and 10 g, of lecithin daily. 
The suppienteuts were continued. u]> to the seventh day following parturi- 
tion. Assays of blood vitamin A and earo1eu(‘ and of milk vitamin A, 
carotene and leoitliin w(‘re nuulc at intervals up to 21 days Y>ostpartnm. 
Blood plastna. vitamin A and carotene were determined in all calves, and 
re])resen1 alive animals were samuficed at birth to determine vitamin A 
liver storage. 

At parturition tlie plasma Yiiaraiji A level in the control cows fell 
almost to half of tim 4 weeks prepartrini level. The level in the cow.s fed 
vitamin A supplements remained fairly high, especially for the cows fed 
lecithin ]>lus vitamin A. indicating tliat lecithin enhanced the absorption 
of vitamin A. Tliere we.s no significant effect of feeding lecithin without 
vitamin A, although the decrease in blood carotene following parturition 
appears to be about 10 per cent lesvS when lecithin is fed. 

Blood plasma carotene was depressed in both vitamin A supplemented 
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groups. However, -wlaen vitamin A was fed for a longer period, the caro- 
tene level was depressed stiir further in the cows fed lecithin along with 
vitamin A. These limited data indicate that lecithin enhanced the action 
of vitamin A in depressing the carotene level. 

The vitamin A in the <?olostrum of cows fed vitamin A was greater 
than that of the control group ; when both lecithin and vitaniiii A were fed, 
the colostral vitamin A at the first milking was approximately double 
that of the vitamin A supplemented cows. This shows that leeitliiii, when 
added to vitamin A, increased the transmission of colostra! vitamin A. Tlie 
transmission of vitamin A and carotene in milk closely followed tlie trend 
found in the blood plasma. 

The lecithin content of milk was highest when iecithin was fed to the 
COW'S along with vitamin A, and a higher level wvas maintained in the nor- 
mal milk. Feeding lecithin without vitamin A liad no effect oix the trans- 
fer of leeithin to milk. When both vitamin A and lecithin wame fe 
lecithin of the colostrum and milk Avas increased. 

The blood plasma vitamin A level in the neAvborn calf Acas higliest and 
the plasma carotene IcA’el Avas the loAvest in tlie cables from dams fed botli 
leeithin and .vitamin A. 

The total liver storage vitamin A in the neAvborn cah^es from the con- 
trol group Avas loAA^ (190 y) pit Avas 5,910 y in the vitamin A siijlplementecl 
group and 11,722 y in the Adtamin A plus lecithin supplemented group. 
Thus, the addition of leeitliin to the vitamin A supplement remarkedlj in- 
creased the bver storage. 

Three groups of five calves each v^^ere fed from birth to 7 days of age 
as folloAvs: Group A, colostrum; Group B, skim milk plus the same daily 
quantit}^ of total vitamin A consumed h.y the caWes in the eolostrum group 
(25,000-37,500 I.IJ. of Autamin A) ; and Group C, skim milk plus the same 
quantity of Autaiiiin A and the same quantity of leeithin (3-4.5 g.) aAmilable 
in the colostrum given to Gtoup A. 

Every calf in Group B deA^eloped serious scoiii's from the third day. 
Tavo of them died oti the seventh day and a third one on the elexam^^ day. 
Their blood plasma vitamin A level Avas much beknv that of the colostrraii- 
fed calves. All the calves in Groups A and C greAV quite Avell Avitli slight 
evidence of digestive disturbance. Blood plasma levels in Group A aiol 
0 Avere almost identical, shoAving the ability of .lecithin to increase al^sorp- 
tion and utilization of vitamin A. 
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Since tlie discovery of vitamin A as an anti-infective factor, many 
workers (3, 8, 14, 15, 18, 21, 24, 27) have studied its importance in the 
nutrition of dairy calves. It is now recognized that vitamin A is indis- 
pensable and niiist be supplied in adequate ainoiints during the earlier part 
of life, since tlie calf is born with practically no reserve of vitamin A (2, 4, 
10, 17). Ivrauss ai. (17) reported a decrease in the ineideiiee of pneu- 
monia, in ealves which received 15,000 I.IJ. of vitamin A concentrate daily. 
Gulliekson and Fitch (11), in a 
less tFOul)le from digestive distu 
liver oil than in calves not given 
(24) observed that the adininis 
min A potency and certain inei 
and lov'ered tlu* mortality resu 
recommended the b'eding ot fis 
there was difficulty in raising 
Under natural feeding eon 
usually practiced; however, tlu 
A for newborn ealves has lu 
workers. Stewart and McCalb 
relation between the incidence 
■content of the colostrum. In 1 
ing more than 250 blue units < 
white scours or allied infectii 
colostrum containing less than 
developed white scours or alii 
have pointed out the siguifi 
ing u]) the vitamin A reserve 
several papers report that 
the milk (7, 9, 12, 10, 20). D 
that cows’ colostra are 
tivity than the normal 
to receive a supply of vitamii 
20 to 50 days. Henry et al. 
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calf heifers is rielier in vitamiu A tliun that cf emvs. .'iltlHiny^h Snnvart 
and MeCalliim (29) did not note such a ilitiVrcnce. Howver. tlu-y <Ud 
report: (a) The length of the dry period between successive calvings ai- 
fected the colostral vitamin A. (b) The vitamin A content was indepen- 
dent of season in contrast to that of carotene. The vitamin A cunteiu of 
the colostrum collected from 100 cows varied from 35 to 1.181 l.T. per 
100 ml. By the third or fourth day the amount of vitainin A was from 
one-tenth to one-twentieth of that present immediately after pariitritioii. 

The variations in the carotene and vitamin A content of colosti'al fat 
from various breeds of cattle have been studied by (.1 ilium <1 dl. (!!; and 
Semb et al: (26). These invcstigator.s have shown that iJie concentration 
of carotene and vitamin A in colostral fat i.s from live to fifteen times that 
of the fat prepared from normal milk and that the,se eon.stituents decrease 
very rapidly during the first week postpartum. Stewart and 31et.'allnm 
(31) were unable to rai.se the vitamin A content of eolostrum of cows on 
winter feed by feeding 3 lb. of earrot.s or one-.seventh pint of eod-liver oil 
per day. Spielinan ct ul. (28) have studied the relationship of the ]»re- 
partum diet to the earotene’and vitamin A content of bovine co!o.slriini. 
Colostrum from cows receiving a low carotene ration for 60 days before 
parturition contained significantly less vitamin A j)er gram of bijtt(?rfnt 
than did eolostrum from cow’S reeeiviiig a comi)arativel3- rich carotene 
ration. The effect of feed w'as more pronounced on the carotene content 
of the hutterfat of the eolostrum than on the vitamin A content, although 
vitamin A supplementation for 60 days before calving increased the eolos- 
tral vitamin A to a considerable extent. 

As no comparable data are available for any of the milking breeds of 
cows in India, it seemed desirable to initiate a study along this line. Tlie 
results obtained from such a study are presented in this paper. 


EXPBEIMENTAl, PEOCEDURE 

The eolostrum and milk samples were collected from 13 cows in the In- 
stitute dairy herd for a period of 8 days postpartum. Nine cows and one 
first-calf heifer of the Hariana breed and five first-calf heifers of Hie 
Saihiwal breed were used. The animals were fed 3.5 lb. of a dairy mix- 
, ture, 1 oz. of iodized salt and 1 oz. of bonemeal per head daily. The 
nature of the roughage fed to the cows depended on the season of the year 
V and has been discussed in a previous paper (25). 

, The colostrum and milk samples were collected each day for 8 days and 
. stored in a refrigerator for subsequent analysis. The percentage compo- 
sition with respect to fat, solids-not-f at, protein and ash was determined 
according to the methods outlined in the A.O.A.O. (1). The extraction 
procedure of Dann (5) was followed for the determination of carotene and 
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vitamin A. Vitamin A Avas measnred speetrogTapliieally in an alcoliolie 
solntion of tlie inisaponifiable matter, and tlie proper correction for the 
absorption due to carotene was made. For the conversion of corrected 
density readings to mierograms of vitamin A, the factor, E {^^.328 - 

1800, was used. Carotene was estimated coloriinetriealty in a XDetrolenm 
ether solution. 

Table 1 gives the data pertaining to the history and breed of the animals 
used in this experiment. 


TABLE 1 

Baia pertmnmg to the Imtory of the coivs 


Length of Calvin 

dry period date 


No. of 
lactation 


Animal no, 


Sahiwal breed 


EESULTS ■ 

Coniposifioti of calosiral milk. The data on the average daily milk 
yield and the percentage composition of the eolostral milk with respect to 
fat, solids-not-fat, and ash are presented in table 2. Individual 

variations are quite apparent. The comparatively lower yields of colos- 
trum and the higher percentages of tlie above eonstitnents were found 
mostly in the samples obtained from the Sahiwal heifers, Avhieh were con- 
sidered at one time as being sterile. All of tlie eolostrinn samples were 
characterized by a high percentage of solids-not-fat, protein and ash. »The 
fat content of the eolostral milk from individual coavs varied Avidely from 
day to day but the percentage of fat in the first two days’ samples Avas lower 
than in the later milk. The change from colostrum to milk Avas a gradual 
one, a fact Avhich has been established by others (6) hut, on the whole, the 
eolostral samples tended to approach normal milk after the fourth day. 
The protein content AA’-as much higher than that usually obtained for the 
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table* S 

A^m a«% »" “* •'“ ■.-■■- w. 

— ST" ] w I ^ .*! 

(%) '<*> 1 (»> I <*' ‘g*J_ *'*’' 1 1 )*.M^ 

JS 6.4 1.6- !.3 1 Ml |5;»t- I 18.S, lIlJ 1E.16 1 1.S58 
_ii. 8.3 0.9- 7.i 4.23 11.16- I I -' ■ y_QQ 0.965 


Bays 

after 

partu* 

ritioB. 


10,35 


0.7 

,30 0.855 

0 705- 
.81 0.920 


i 0.812c 


a Average for 15 animals. 

' b Average for 9 anxinals, 

c.Average for 4 Baluwal Itiierh. 

1 1 -It Further progress in lactation, Ixowever, nug 

Institute herd milk, iurtnex pr = 

TABLE 3 

. .• , • n.41 rarofrnc a,ul viimnin A content of calostral mill- 
lariationn in g Hays of laetation ____;„ 

... — — Vitamin A 

— _ — . Carotonc 

Bays r — Eauge 

postpartum Eange j : 

ml) C/100 ml) 

n‘V>-« 571 .B 1 

1 33.6-103.9 1 8o.o 43.2-W0.9 218.8 

3 7.7-160.7 65.1 ns 8-338 8 294-2 

• I 12.1-130.1 ■ 490 5B3_3o|8 

4 17.2-109.0 39.9. 68 6-361.4 HS-^ 

5 13.6-70.3 , 31-1^ S 0-107.8 79.5 

6 i 12.1- 42.0 23.0b gi^UO.S 77.1 

I 47:3-111.6 I 70.9 


J.'} r 
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as nmcla carotene and vitamin A as tlie eigiith day ’s samjDle, -wliicli miglit be 
considered equivalent in potency to a sample of milk obtained under pas- 
ture conditions. This variation was not so pronounced, liowever, as tliat 
reported by some English workers (5, 13, 29). As compared to the other 
constituents of colostrum and milk, the drop in carotene and vitamin A 
obviously is more marked. It might be mentioned also that the first day’s 
colostrum did not always contain more earotene and vitamin A than the 
samples obtained within 4 days postpartum, although the average values 
showed consistent decreases. The lower eai’otene values were found for 
the animals which received very little carotene in the ration before calving. 
Some of these animals also secreted correspondingly lower amounts of vita- 
min A. The wide individual variations that are apparent in this investi- 
gation also have been observed b.y other \vorkers. The average sample of 
colostrum obtained from the cows on the day of parturition was found to 
contain 85.5 y of carotene and 313.4 y of vitamin A per 100 ml. as com- 
pared to 107 y of carotene and 374 y of vitamin A for the Cornell Univer- 
sity dairy herd on a standard dry-cow ration (28). The vitamin A-caro- 
tene ratio remained practically constant during the 8-day experimental 
period, indicating the flushing of these constituents from the mammary 
gland after their accumulation dining the dry period. The concentration 
of both carotene and vitamin A decreased to a greater extent during the 
first 4 days of lactation rather than in the next 4 days. From the stand- 
point of vitamin A feeding, the samples for the first 4 days assume par- 
ticular imxjortanee. According to Lewis and Wilson (19), the daily in- 
take of vitamin A for a calf should be 11,000 I.U. per 100 lb. of live- 
weight. On this basis, the ingestion of 3 lb. of an average sample , of 
colostrum during the first 4 days of lactation probably would be adequate 
for ensuring an appreciable storage of vitamin A in the livex; and a satis- 
factory level of carotene and vitamin A in the blood of the calf. None 
of the calves born from the above cows showed any signs of vitamin A 
deficiency. The calves received colostimm ad lihitum; consequently, the 
vitamin A supply was satisfactory even though the carotene and vitamin A 
contents of colostrum were low in a few cases. 

' , Carotene and vitamin A in colostral fat: In order to obtain more de- 
j tailed information on the carotene and vitamin A contents of the colostral 
“ "tfat, values for each individual cow were determined. The results are pre- 
j sented in tables 4 and 5. Table 4 gives the data on the carotene content 
I of the colostral fat. A marked drop on the second day of lactation oc- 
■ eurred in all but two cows (nos. 13 and 15), and a further sharp drop 
I occurred on the third day in all of the cows except no. 4, Thereafter the 
j decline was. slow and the carotene level became almost constant by the 
I seventh day. The average first day’s colostrum contained seven times as 
J much carotene as the average eighth day’s sample. No appreciable dif- 
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TABLE 4 

rarUrtiona in the carotene content of cojostrdl fat during 

the f^*st S d(iys of 


Days after parturition 


Animal 


aiitity of g'reen fodders Iref ore calviiig because of 


a Eeceh’ed conaparatively large qui 

rSved vo^ittle ca™^ vatiem before calviag because or ttie arougur. 

ferenee was noted between the Hariana aad the Sahiwal breeds in regart 
to their ability to secrete carotene in butterfat. Owing to the small ninii 
her of animals, the effect of feed on the carotene content of the bntterfa 
conld not be studied thoroughly. Howeyer, an examination of the data n 

TABLE 5 

rariaUona in the vitamin A content of eolostral fat during the pat 8 days of Uclution 


Days after parturition 


Animal 

no. 


(<y vitamin A/g, eolostral fat) 
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table 4 reveals that there Avas no consistent relationship between the caro- 
tene intake and the carotene content of the colostral fat from all the ani- 
mals except for a few. Animals 3, 9^ 10 and 15 secreted very small 
amounts of carotene^ whereas animal no. 1 secreted a comparatively large 
amonnt in the colostral fat. The first four animals Avere on a carotene- 
poor ration due to tlie drouglit period, Avliereas the fifth one received large 
fjuantities of green feed doe to the periodic monsoon. These results tend 
to show that, in spite of a nnmber of variables, the carotene content of 
colostral fat also is affected, like bntterfat, by the type of feed. 

The data in table 5 shoAV the decrease in the Autaniin A content of the 
colostral fat during the first 8 days. The average first day’s colostrum 
contained more than six times as niudi vitamin A as the average eighth 
day’s sample. These results compare favorably Avith those of Semb et aL 
(26), Avho observed that this ratio A^aried from five to fifteen. Although a 
feAV of the animals secreted less vitamin A in the colostrum on the first 
day than on the second, this Avas not generally the case in subsequent 
samples. The change in the Autamin A content as a result of the dry 
ration Avas not so appareut as it AA^as in the case of carotene. This might 
be explained on the basis of the relative ease Avith Avhich carotene is mo- 
bilized as compared to vitamin A. Altbongh tliere was no dilferenee be- 
tween the average carotene content of tiie colostral fat from first-calf 
heifers and cqaa^'s, the vitamin A content tended to be highei* in the ease of 
the former. It is difficult to say definitely, under the present experimental 
conditions, Avhether or not first-calf heifers secrete more Autamin A in 
colostral fat than do coaa'S, an observation also made by Dann (5) and 
HejiTj et aX, (13). 

Althongli the numerical values reported in this investigation are not the 
same as those found by other investigators, there is some parallelism in the 
findings, especially when due consideration is giA^en to such dilferences as 
diet, breed, and enAuronment. 

SUMMARY 

Colo>striim samples from Hariana and SahiAA^al coavs have been ana- 
lyzed for the percentage composition of carotene, vitamin A, fat, solids- 
not-fat, protein and ash. 

1. The colostrum contains more solids-not-fat, protein, and ash than 
does the normal milk, 

2. Colostrum coutams more than four times as much carotene and vita- 
min A as milk. 

3. Colostral fat Avas found to be six to seven times richer in carotene 
and vitamin A than the fat of normal milk, but both of these constituents 
decreased markedly during the first Aveek postpartum. The decrease 
thereafter Avas relatively sIoav and carotene appeared to be affected more 
than vitamin A by the type of ration fed to the animals. 
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4. The carotene content of colostral fat of first-calf Sahhvah heifers was 
comparable to that secreted by the Hariana cows, but the heifers secreted 

more vitamin A in the colostral fat than did the cows. 

The author is indebted to Dr. K. C. Sen for generously supplying all of 
the facilities needed in the course of this investigation. Further acknowl- 
edgment is made to Prof. C. W. Duncan, Department of Agricultural 
Ohemistry, Michigan State 'College, for many helpful suggestions and ad- 
vice in the preparation of this manuscript. 
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According' to present opinion, liay crops conta 
before they are cut. It is only aftoltlie crop h 
posed to the rays of tbe siin during the curing i 
certain plant sterols takes place to form Yitamin 1 
With the newer inethods of conserving hay e 
hay in the barn or making wilted silage, the time ( 
the sun is less than when the crop is cured in 
when barn-cured hay or wilted silage is the sole 
calves, it might be questionable whether they woi 
vitamin to meet their requirements. A review o 
supply a direct answer to this question. 

Some information on the vitamin D content o: 
do various ctiring processes, as determined by r^" 
Steenbock et al. (9) reported that clover leaves d 
direct sunlight showed no vitamin D activity wl 
and 5-per cent levels. On the other hand, leaves 
■were cured in the sun and fed on the same basis s 
activity. , In later experiments Hart et ah (4). 
cured in Colorado with limited exposure to the su] 
D but less than hay cureji with full exi30sure to 
ported some vitamin D activity in alfalfa leaves ( 
considerably less than in leaves cured in the sun ( 
and irradiated. Smith and Briggs (8) reported 
tivity of alfalfa leaves cured in the dark. Leav- 
sunlight had considerable activity but not so mn 
57 hours. However, Hodgson and Knott (5) fou: 
hydrated pasture mixture of English ryegrass, It 
clover from irrigated land had as much calcify: 
material sun cured. Wallis (10) rex^orted a con 
vitamin D activity of alfalfa hay after sun curing 
variation was found between erox)s in this respe 
that *Hhere are other inflnences than the am 
which greatly affect the vitamin D content of 
Eoeeived for publication Jannai'v 28. 1948. 
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BMuple of hay eut after dark attd dried “f 

pound. This value is equal to or greater than some ^ 

for sun-eured hay. Bechdel ei al (1) found that artificial^ 

eontaraed coaaideraUy leas vitamin D than .Tn 

„orkera report yalnea of 150 to 300 USP on. la of ,f™V“ 

teo different lots of .night-haryested delydrated alfalfa baj.^ It sncli a 

hay tore led to ealvea to the eatmit of their roughage requirements, it 

should furnish the minimum requirements. 

Some experimental data on the antirachitic value of hay for calves have 
been reported in the literature. Huffman et al. (6) found that an Ih.^i 
day of sun-cured timothy preventedTiehets up to 1 year of age and o . 
per day cured rickets in a 9-month-old calf. Two Pouiuis aff snn-enml 
alfalfa hay per day prevented rickets in one calf np to 19a days of a^. 
In nsing the curative method, these workers were unable to obtain a suffi- 
cient intake of timothy hay cured in the dark to determine its antirachitic 
effect. In studying the data of these workers, one comes to the eonelusion 
that about 0.7 lb. of sun-cured hay per 100 lb. of body weight is about a 
minimum for the prevention of rickets in growing calves. 

The Pennsylvania Agricultural Experiment Station (2) found that a 
mild rachitic condition developed in a fi-month feeding period with 1 lb. 
of sun-cured alfalfa hay per day added to the basal diet, whereas on the 
same basis artifieially cured alfalfa permitted a severe rachitic condition to 
develop. Two and one-half pounds of good sun-cured alfalfa hay per hay 
prevented the development of a rachitic condition during a 6-month period, 
whereas the same qnantity,of artifieially cured hay permitted the develop- 
ment of a mild rachitic condition. 

The review of literature gives little information for making praelieal 
reeommenda.tions on the question of whether vitamin D supplements should 
be used when barn-cured hay or wilted silage is fed as the sole source of 
vitamin D for calves. Results reported in the literature on rat hioassays 
with hays show that hay cured without exposure to the sun contains con- 
siderably less vitamin D than sun-eured hay. The Bata with calves like- 
wise give the same indication. In the experiments thus far conducted 
Avith calves, limited quantities of hay were fed to bring out differences be- 
tween sun curing and artificial curing. This raises the question of whether 
• the artificially dried hay would not have furnished sufficient vitamin D for 
calves had it been fed according to body weight or the appetite of the calf 
(2 to .2.5 lb. per 100 lb). For this reason the data on artificially cured 
hay cannot he used in making practical recommendations for vitamin D 
supplementation either for artificially cured hay, harn-cured hay, or Avilted 
silage. 

The present study was undertaken to determine whether barn-cured hay 
Awlted silage will supply sufficient Autamin D to growing calves when it 
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is fed at adequate levels, i.e., at levels wliieh ordinarily would be fed u 
practical feeding conditions. 


riXPERIMENTAL PKOCEDITRE 

In tlie summer of 1945 a second cutting of alfalfa was harvested si 
taneously as field-cured hay, barn-cured hay, and wilted silage. ( 
weather conditions prevailed during the time the crop -was being harvi 
by the three methods, so there was a maximum exposure to the sun dn 
daylight hours. The wilted silage w^as exposed for 4 to 6 hours bet 
sunrise and sunset, the barn-cured hay for 12 to 16 hours, and the i 
cured hay for 30 to 40 hours, although there W'as considerable variatic 
this respect. 

Holstein and Jersey male calves w^ere reared to 90 days of age 
ration of skim milk, grain, alfalfa hay and eod-Iiver oil. In additio 
w^as necessary to use twai crossbred calves, one of whi(?h was placed ii 
Holstein group and one in the Jersey group. Flaxseed jelly, corn i 
or grain were added to the skim milk, beginning when the calves 
about 10 days of age, in order to increase the energy intake. Skim 
was discontinued at 30 days of age for the Holsteins and at 45 day; 
the Jersey calves. Three calves on the experiment (503, 701, 703' 
eeived wdiole milk to 60 days of age, along with alfalfa hay and grain. 

At 90 days of age the calves ■were placed on the basal ration matl 
as follows: G(nm meal, 60 parts; wheat bran, 30 parts; soybean mea 
parts; linseed meal, 10 parts; iodized salt, 1 part; calcium earbona 
parts. In addition, 1 lb. of beet pulp per 100 lb. of body w^eight, 1* 
of dehydrated alfalfa leaf meal, and 4 lb. of skim milk \vere fed c 
The calves were kept on this ration for a period of 50 days or until 
were 140 days of age in order to deplete their vitamin D stores. Cal< 
phosphorus and phosphatase values of the blood were used to measur 
pletion. Following the depletion period the calves were fed, in additi* 
the basal grain ration, the particular experimental forage they were 1 
ceive f or a period of 180 days. In some instances it was necessary to 
the calves on their respective foimges before the end of the 50-day depl 
period because of blood values whi(4i indicated the incipient sta^ 
rickets. The calves -were kept in a darkened barn out of direct sun 
They were turned to a dry lot for exercise at night. 

Groups of six calves each were fed the alfalfa forage cured by the 
different methods. Within each group three different levels of forage 
fed with two calves on each level (table 1). The Jersey and Ho] 
calves were distributed equally between and within groups. 

The wilted silage was fed on a hay-equivalent basis, taking into consi 
tioii the moisture content. The calves received, in addition to the 
grain ration and the specified forage, 4 ]b. of skim milk daily. ' 
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digestible nutrients Avere fed according to the Mori*ison standard by adjust- 
ing the grain intake after allowing for the T.D.N. in the skim milk and fox’- 
age. Adjustments of forage and grain were made each 2 weeks. 

Two positive control calves wei*e continued on the depletion ration but 
received 10,200 TJSP units of vltamm D daily in the form of irradiated 
yeast after the 50-day depletion peidod. One negative control animal was 
used which received the depletion ration but no vitamin D. 

■ After the calves received the forage for 180 days they were slaughtered 
and „the eighth and ninth ribs were saved for ash analysis. Ash deteimiina- 
tions were made on -the distal 10 per cent of the two ribs after they w^ere 
subjected to hot alcohol extraction. The calcium, inorganic phosphorus 
and phosphatase contents of the blood were determined each xveek, except 
toward the end of the experiment, when the determinations -were made each 
2' weeks. 

Rat bioassays for vitamin D were made on the forage put up by the 


TABLE 1 


Rate of forage feeding per 100 Ih. of body iveight 


No. of calves 


Field-cured 

hay 

(Group 1) 


Barn-eurod 

hay 

(Group 2) 


W'ilted silage 
(hay equivalent) 
(Group 3) 


three procedures in order to obtain comparative values. The usual line test 
procedure was used by including 10 per cent of the forage in the basal 
raehitogenie diet. 

In 1946 another crop of wilted alfalfa silage was fed to two calves, be- 
ginning as soon after birth as the calves would consume the silage. They 
received a limited quantity of whole milk to 60 days of age, but after this 
time their sole source of vitamin D was from the wilted alfalfa silage. The 
silage was fed on a hay-equivalent basis of 1.5 lb. per 100 lb. of body iveight. 
The two calves were slaughtered at 8 and 9 months of age. 


RESULTS AND DISCUSSION 

The effect of feeding alfalfa cured by the three different methods on rate 
of grOA¥th is shown in table 2. These data show that the best rate of 
gain wms made by the calves on the wilted silage, their average daily gain 
being 1,71 lb. per day for the 180-day period. The next best gain wms by 
the calves on barn-cured hay, which averaged 1.65 lb, a day, whereas the 
field-cured hay produced a daily gain of 1,48 lb. Since the feed intake was 
well-controlled, these results indicate that good gains can be obtained with 
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'•TABLE. 2 

Gain in weight on fiel&ciired aiid hay and on wilted silage 

{180-day feeding period) 


Field'(iured hay 

Barn-enred hay 

IVilted silage 

Calf no. 

Rntea 

Total 

gain 

Calf no. 

1 Ratea 

i 

Total 

gain 

Calf no. 

Rate» 

i 



Oh.) 


Oh.) 

01}.) 


(jb.) 

705-H> 

0.5 

330 

503-H 

0.7 

270 

703-H 

0.7 

2380-J 

0.5 

218 

23S4-~J 

0.7 

288 

2379-J 

0.7 

25D-H 

1.0 

300 

2557-H 

1.2 

344 

120-H 

1.2 

504-J 

1.0 

279 

2385-.T 

1.2 

266 

505-~;r 

1.2 

330-X 

1.5 

279 

2558-H 

1.7 ! 

301 

701-H 

1.7 

2383-~J 

1.5 

24.8 

332-X 

1.7 

314 

506-.T 

1.7 ■ 

Total av. | 

^’ain 

267 



297 



Av. daily gain 

1.48 



1.65 




Eate:=li«y or haj equivalent daily per 100 lb, of body weight- 
H = Holstein j J = J ersey ; X. = Crossbred. 


wilted silage. There was very little feed refusal by the two calves 
were fed at the highest level (an equivalent of 1.7 lb. of hay per day xb 
lb, of body weight). One Holstein calf, weighin^^ 650 lb,, eonsum 
much as 30 lb. of wilted silage per day, which was the sole roughage, 
calves on the wilted silage were very sleek in appearance and appeal 
do well throughout the exx>eriment. 

The results of the ash analyses of the distal 10 per cent of the < 
and ninth ribs are shown in table 3. The results of the analyses of tl 
ribs were averaged. These results sliovv that all three forages possesses 
nite antirachitie properties for calves. There does not appear to be ar 


TABLE 3 

The ash mines of rih ends 


Field- cured hay 

Barn-eiired hay 

Wilted silag 

Calf no. 

Rate4 

Ash 

Calf lu). 

Ratea 

Ash 

Calf no. 

Rate« 



(tb.) 

(%) 


(Ih.) 

(%) 


(IhO 


705-H 

0.5 

53.1 Ni> 

503~H 

0.7 

50.9 Bhst 

703-H 

0.7 

53 

2380->T 

0.5 

55.8 Sl.st 

2384- J 

0.7 

,.56.6N 

2379-J 

0.7 . 

:d5 

250-H 

1.0 

56.5 Sl.st 

2557-H 

1.2 

61.1 Sl.st 

120-H 

1,2 

54 

504-J 

1.0 

; 56.7 N 

2385-J : 

1.2 

56.2 Sl.st 

505-J 

1.2 , 

59 

330-X 

1.5 

56.0 N 

2558-H 

1.7 

59,4 Sl.st 

701-H 

1,7 

57 

83S3-.T 

1,5! 

61.2 N 

332-X 

1.7 

58,8 N 

506-J 

1.7 

(52 


Negative 

2570-H 


39.0 St 


Positive 

Positive 


2571~H 

508~J 


50,8 Sl.st 
51.6 N 


a Rate = liay or bay equivalent per day per 100 lb. of body weight. 
N = normal ,* Sl.st = slightly stiff; St = stiff. 
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ference in tMs respect between tbe tliree lots of calves tbat were fed tlie three 
different kinds of forage. In all three groups, the calves that were fed at 
the lowest I'oughage level showed the lowest ash values. The ash value for 
the negative control was only 39 per cent and it was necessary to remove 
this calf from the experiment after 160 days because of the extreme rachi- 
tic eonditiom The ash values for the two positive control animals were not 
so high as for the calves that were fed the various levels of forage, even 


TABLE 4 



The effeot of feeding 1.5 11). field-cured hay per 100 It), bod 
blood calcium, phosphorous and phosphatase 
(Data on one calf) 


Pliosi^hatase 


Pliospliorus 


Cakium 


(units/ 100 ml.) 


May added 


though the controls were fed 10,200 USP units of vitamin D per day. The 
calcium intake of these two calves was not so high as for the calves re- 
ceiving forage, since no extra calcium was fed, yet the intake at the end of 
the experimental period was as much as 18 g., or well above a lO-g.-mini- 
mum. Therefore, forages may contain factors other than vitamin D which 
aid in calcification. 

The calves were examined periodically for evidence of stiffness (table 3). 
While there was less stiffness or indication of clinical rickets in the group 
that received field-cured hay, between groups the differences probably are 
not significant. There did not appear to be a direct correlation between 
stiffness and the bone ash values. It also . was noted that the calves that 
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showed stiffness did not sliow abnormal blood values for caleiiim, inorganic 
phosphorus and phosphatase at the end of the experiment. During the 
depletion period, however^ abnormal blood values for ealcium, phosx)horus 
and phosphatase usually j;>reeeded the clinical signs of rickets. 

All the detailed data of blood analyses for each calf cannot be pre- 
sented. However, the data for one crossbred and two Holstein calves that 
were fed the largest intake on each kind of forage are sIiotoi in tables 4, 5 

TABLE 5 

TJie effect of feeding 1.7 Ih. Jyarn-dried hay per 100 Ih, hody weight on 
blood calcium f phospihorus and phosphatase 
(Data on one calf) 


Ago 

CalciniTi 

Pbospboros 

Phospliatase 

(dai/s) 

(mg./lOO mh) 

(mg, /WO Till,) 

(units/ 100 ml,) 


Basal 

ration 


■ ■ 01 

10.9 

S.S 

8.4 

108 

11.3 

8.0 

10.2 

115 

10.5 

0.8 

13.9 

122 

8.5 

■■ 7.4 

14.0 

128 

7.'6 . ■ 

, 7.7 


130 

'6.4 , , , ::j.' . .. . 8,0;.. ■ j 

Hay added 

■ 19.4 

■■■ M42 ■■ ' ' 

6.3 

S.2 

■ ■ 16.2 • 

153 

8.4 

7.^1 . 

14.2 

' 167 

11.0 

8.8 

8.4 

181 

10.8 

9,6 

'7.2 

195 

11.2 

8.9 

ill .■ 

210 

10.3 

8.3 . 

7,3 

' ■ 224 

9.6 

7.0 

6.6 

' , ' 237 , ■ 

9,3 

, 7.8. ■ . 

6.6 

251 

10.3 

■,■,6.8 

8.0 

265 

9.8 

6.8 

9.2 

280 i 

■9.7 : 

6.4 

5.0 

, ^293 ■■ 

. , 9.8. 

8.6 

5,0 

308 I 

9,5 ■ 

0.2 

7.0 

322 

9.8 

7.0 

7.0 


and 6. A study of the detailed data does not reveal any marked differences 
between the three gTOiips of ealves. The addition of forage in the three 
different forms caused the blood values to return to normal following the 
depletion period. 

The quantity of solar radiation received by the forage, as shown in 
table 7, was calculated from hourly figures covering the period the forage 
was in the swath and windrow. The values are in terms of gram-calories 
per square centimeter of horizontal surface. The vitamin D content of the 
forage as determined by rat bioassays also is shown in the table in terms 
of International Units of vitamin D per g. of air-dried forage. There does 
not appear to be any close correlation between the amount of solar radia- 




though the controls were fed 10,200 USP units of vitamin D per day* The 
calcium intake of these two calves was not so high as for the calves re- 
ceiving forage, since no extra calcium was fed, yet the intake at the end of 
the experimental period was as much as 18 g., or well above a 10-g*-inmi- 
mum. Therefore, forages may contain factors other than vitamin D ■which 
aid in calcification. 

The calves were examined periodically for evidence of stiffness (table 3). 
While there was less stiffness or indication of clinical rickets in the group 
that received field-cured hay, between groups the differences probably are 
not significant. There did not appear to be a direct correlation between 
stiffness and the bone ash values. It also was noted that the calves that 


TABLE 4 

The effect of feeding IJ Ih. fiel&eiired hay per 100 Ih, "body weight on 
hlood calcium, phosphorous and phosphatase 
['Data on one calf) 


Ag& . 

Caleium 

PhosplioriiR 

Fhospliatase 

{days) 

(mgJlOO mt ) 

B aml ] 

{mg,/ 100 ml.) 

(imits/lOO 7iil.) 

95 

. 8.1 ' ■ 

,8.1 

14.3 

102 

7.0 

' 6.2'- ' ' ■ 

20.6 

109 

' 6.7 . • ■ 

- ^ .6.4 . 

18.2 

116 

7.1 j 4.8 

Eay added 

17.2- 

122 

8.0 

5.S 

' 18.2 

IBO 

7.8 . 

4,5 

17.9 

136 

■ '8.1' 

. 5,8 - 

■9.4 

147 

9.0 

■ 6.8 ' 

18.8 

161 

n.3 

; ■ 8,4/ ■ ■ ■ ■ 

. .. ■:12.4 '' ■■ 

175 

11,3 

. ■ ■■■■ 9.3 

10.7 

189 

11.4 

'■,9.3' /■' / /■ i 

9.9 

196 

10.3 

8.0 

9.2 

218 

10.6 

/'■/■■■■ 6.4 /- 

10.4 

231 

9.3 

6.9 

9.9 


10.5 

-/ 7.6 : 

9.2 

, 259 

10.0 

5,8 

5,8 

274 

10.1 

7.4 

6.6 

287 

10.4 

8.6 

5.0 

802 

10.0 

S.7 

5.7 

316 

9.6 

8.1 

3.9 


fereixce in this respect between the three lots of calves that were fed the three 
different kinds of forage. In all three groups, the calves that were fed at 
the lowest roughage level showed the lowest ash values. The ash value for 
the negative control was only 39 per cent and it was necessary to remove 
this calf from the experiment after 160 days because of the extreme rachi- 
tic condition. The ash values for the two positive control animals were not 
so high as for the calves that were fed the various levels of forage, even 


L. A. MOORE ET AL. 



ANTIRACHITIC VALUE OF HAY 

sliowed stiffness did not show abnormal blood values for calemni, inor^ 
phosphorus and phosphatase at the end of the experiinent. During 
depletion pei’iod, however, abnormal blood values for calcium, phosj)! 
and phosphatase usually preceded the clinical signs of rickets. 

All the detailed data of blood analyses for each calf cannot be 
sented. HoAvever, the data for one crossbred and two Holstein calves 
^vei’e fed the largest intake on each kind of forage are shown in tables 

TABLE 5 


The effect of feeding 1.7 Ih. ham-dried hmj per 100 Ih. hody weight on 
hlood calcium y phosphorus and phosphatase 
(Bata on one calf) 


Age 

Oaleiimi 

Phospliorus 

Pliosptiatas* 

(days) 

( ing./lOO mL) 

(mg./ 100 mL) 

{miUs/100 ml 


Basal 

inifion 


91 

10,9 

B.8 

■8.4 

108 

11.3 

8.0: 

10.2 

115 

10.5 

6.S 

13.9 

122 

■ 8.5 

. 7.4 

14.6 

128 

7h 

. 7.7 


136 ■ 

, lU' ■ 

8.6- 

19.4 


Hay added ■ : 


. ^ 142 ' 

6.3 

8.2 ■ ^ 

^ 16,2 

153 

'8.4 ■ . 

, ' . 

14,2 

■' 167 

11.6 

8.8- 

8.4 

181 

10.8 

9.6 

; ■ 7,2 

195 

11,2 

■ : . 8.9 , ■ 

1 ^ 7.1. 

210 

10.3 

8.3 

7.3 

■ 224 

9.6 

. 7.0 ■■ 

6.6 

■ ' 237 

9.3 

',-■7.8 '■■ ■ 

6.6 

251 

10,3 

6.S 

8.0 

265 

9,8 

6.8' 

■ ' 9.2 ■ 

280 

9.7 

6.4 

5.G 

293 

■ ' ■■ 9.8 ■ ' ■■ 

8.6 

5.0 

, ' ■ ^ 308' ' , 

..9.5 

6.2 

7.0 

■ '322 

9.8 

7.0 

7.0 


and 6. A study of the detailed data does hot reveal any marked 
between the three groups of ealves. The addition of forage in the 
different forms caused the blood values to return to normal f ollowin 
depletion period. 

The quantity of solar radiation received by the forage, as sho\’ 
table 7, was calculated from hourly figures covering the period the f 
was in the swath and windrow. The values are in terms of 
per square centimeter of horizontal surface. The vitamin D content of 
forage as determined by rat bioassays also is shown in the table in 
of International Units of vitamin D per g. of air-dried forage. There c 
not appear to be any close correlatioii between the amount of solar ra' 
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tioa and the vitamin D content of the forage, although the vitamin D con- 
tent in the field-cured hay was somewhat higher 

Using the figure 0.47 LU. per g. for the barn-dried hay, ^ 

were fed at the rate of 0.7 lb. of barn-dried hay per 100 lb. of body ^ight 
the intake of vitamin D would be 150 LU. per 100 

the same basis, when the calves were fed at the rate of 1.2 lb. ol b _ ^ 

hay per 100 lb. of body weight, the vitamin D intake would be 2o6 bU., 
when they were fed at the rate of 1.7 lb. the intake would be 363 LU. per 

table 6 

Tlte effect of feeding 1.7 11). hay equivalent of silage P^f JOO n- 

^ ^ Uood calcMm, phosphorus a7u% phospliaim^^ 

(Data 071 one calf) 


Age 

Calcium 

(days) 

{mg./lOO ml 

101 

11.8 ■ 

107 

10.5 

115 

11.6 

122 

10.5 

129 

10.6 

136 

9.4 

U2 

10.8 

150 

10.6 

156 

11.9 

167 

12.1 

181 

: . 

195 

10.8 

’ 209 

12.3 

225 . 

10.0 

238 

10.9 

251 

9.7 

265 

10.5 

279 

9,7 

294 

9.7 

307 

10.0 

322 

9.7 


Phospliorus 
(mg./ 100 
Basal ration 


Phospiiatase 
{7inUs/100 ml.) 


Silage added 


9.4 


9,5 


19.1 

12.5 

8.1 

1 16.4 


17.9 


15.0' 

7.5 

16.5 

6,8 

10.6 

7.3 

8.7 

7.9 

6.9 

8.1 

6.3 

8,7 

8.1 

7.4 

8.6 

7.8 

7.2 

6.6 

6.3 

6.2 

6.9 

6.7 

6.8 

6.9 

6.1 

7.6 

5.9 

7.1 

3.7 

7.0 

7,8 


100 lb, of body weight If 300 I,U. per 100 lb. of body weight is taken as 
the minimum requirement, it would be met by the feedi.iig of 1.5 to 1.7 lb. 
of barn-dried hay per 100 Ih, of body -weight. On this basis, one wonld 
not expect marked rickets to develop in the calves fed wilted silage and 
barn-cured hay in this experiment even thongh the vitamin D intake was 
near the minimum allowance or slightly below. The obseiwations on stiff- 
ness and bone ash values confirm this opinion. 

The two calves that were fed from birth the wilted silage that was made 
in 1946 showed no evidence of rickets at any time during the experiment. 
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The calcium, pliosphoriis and phosphatase values of the blood remained 
within the normal range, Wlien these two calves were slaughtered at 8 
and 9 months of age, respectively, they were in excellent condition and had 
sleek hair coats. These two calves did not consume as much dry matter 
from wilted silage up to 90 days of age as they would be expected to con- 
sume from hay. However, after 90 days of age they easily consumed the 
1.5 lb. (hay equivalent) of wilted silage olfered per 100 lb. of body weight. 

The vitamin D content of the three forages put up simultaneously in 
1946 as determined by rat bioassaj^s is shown in table 7. The figure 0.87 
for the wilted silage was cheeked and found to be correct. Thus, one 
would not expect the two calves that were fed the wilted silage containing 
0.87 I.XJ. per g. to develop rickets. The high, vitamin D content of this lot 

TABLE 7 

Exposure of forage to solar radiatioji and its vitamin TJ content 


Wilted Hilage 

Barn-dried hay 
Field-cured hay 


Eadiatiou exposure'^ 


Yitainin 1") 


Wilted silage 

Barn- dried hay .. 
'Field-cured hay 


In swath j 

In windrow j 

Total 

content 


{g, -cal. /cm.-) 

{g.-cah/oml^) 

(tU./g.) 

1945 crop ‘ 



104 

1.17 i 

221 

0,56 

;U)4 

158 

„ 522 

0.47 

573 

777 

1350 

1 0.97 

1946 crop 



134 

109 

243 

0,87 

823 

218 

541 

0.58 

515 

958 

1473 

0.88 


^ Calculated from data furnished by Dr. W. F. Shenton of xVmeriean University of 
Washington, D. C. 

of wilted silage probably was dne to the presence of a larger quantity of 
foreign material in the crop than was present in the field-cured hay and 
barn-cured hay. It was necessary in 1946 to use one field which -was some- 
what weedy in order to have sufficient silage for the planned experiments. 

Therefore, the results indicate that barn-cured hay and wilted silage 
conserved under the conditions of this experiment will contain sufficient 
vitamin D to prevent rickets in dairy calves when these forages are con- 
sumed at adequate levels. The rat bioassay data show that these forages 
contained less vitamin D than the field-cured hay. The difference, how- 
ever, was not sufficiently great to precipitate rickets when the forages were 
fed at the rate of 1.5 to 1.7 lb. of hay equivalent per 100 lb. of body w^eight. 

A greater difference in the vitamin D content of these forages might 
have been expected in view of the accepted concept of the mechanism of 
formation of vitamin D in forage crops. However, while the field curing 
of hay promotes an increase in its vitamin D content, there .may be con- 
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siderable vitainm D present in tlie crop as it stands in tlie field. The 
amount of vitamin D probably is governed by the quantity or, ai*ea of dead 
plant tissue, such as dead stems or leaves or partially injured leaves. The 
amount of dead tissue might vary, depending on such factors as climatic 
conditions, stage of maturity, disease, and insect injury. Thus, in the case 
of leaf hopper injiiry, minute injured areas exist on the surface of the leaf, 
^diere activation of the sterols might take place. Probably an absolutely 
green plant without injury of any sort would contain no vitamin D. How- 
ever, under practical conditions in* the eastern section of the country it is 
doubtfiil wdiether such a condition ever 

The suggestion that the vitamin D content of hay crops might be affected 
by the quantity of dead material in the crop at time of cutting is found in 
the paper of Bechtel af aL (3). For instance, these investigators found that, 
in the corn plaiit at the silageuualm stage, the silks, tassels, dried 
leaves were excellent sources of vitamin D, whereas the green part of the 
plant was devoid of vitamin D. The effect of some of these factors on the . 
vitamin i) content of tissues of forage plants, now is under investigation. 

While it seems probable that wdlted silage and barn-cured hay contain 
suffieient vitamin D so that no- supplementary feeding of vitamin D is 
needed for calves kept out of direct sunlight, further fundamentar studies 
on the factors affecting the vitamin D content of plant tissue as it stands 
in the field at the hay stage need to be carried out; It woukl seem quite 
probable that a higher vitamin D intake might be possible where a good 
quality of barn-cured hay or wilted silage is fed than where a poor quality 
of field-cured hay is fed, because of the greater palatability of the former. 

Rickets has been reported in dairy ‘calves under practical farm condi- 
tions where grain was fed in excess so that very little sun-cured hay was 
consumed. Vitamin A and calcium deficiency also probably would be pre- 
sent where such a feeding practice is being used. It wmiiid seem more 
logical to advocate proper management practices to correct such conditions 
rather than the addition of supplements to the grain mixtures fed. Limit- 
ing the grain fed so that hay consumption could be increased and expokire 
of the calves to sun wmuld be of benefit. Calves exposed to direct sunlight 
during the winter months and receiving no other source of vitamin D do not 
develop rickets at Beltsviile. 

Vitamin D sometimes is added to commercial grain mixtures for mature 
dairy cattle. While the cost is low, it is the opinion of the authors that 
there are not sufficient concrete scientific data at the present time to war- 
rant such a practice. Later developments may justify such supplementa- 
tion, but scientific fiction is not sufficient justification for such a practice. 

sumkary and conclusions 

the sole roughage to growing dairy calves pro-- 
" gains as good or better than those observed in calves fed barn-cured 





and field-ciirecl hay. The calves that were fed the wilted silage were sleei 
and excellent in appearanee. 

2. Wilted silage, made in two different years, contained sufficient vita- 
min D to prevent rickets in growing calves that were kept out of sniilight 
when the silage was fed at the rate of 1.2 to 1.7 lb. per 100 lb. of body 
weight on the hay-eqnivalent basis (3 to 4 lb. per 100 lb. body weight 
on the silage basis), 

3. Barn-cnred hay made one year eoiitained sufficient vitamin D to pre- 
vent rickets in calves that were kept out of sunlight when it was fed at the 
rate of 1.2 to 1.7 lb. per 100 lb. of body weight. 

4. Rat bioassays of the forages fed for vitamin D, which confirmed tin 
results of the calf-feeding experiment, showed that they eontained siiffieieni 
vitanrin D to prevent rickets in gro wing calves. 

D, While further fiindamental data must be collected on the factors 
affecting the vitamin I) content of forages harvested with a minimum ex 
posure to the sun, it seems quite likely that barn-cured hay and wiltec 
silage, at least as conseiwed under Beltsville conditions, contain suffieien' 
vitamin D for growing calves to prevent rickets if fed at the usual level 
of I'oughage feeding. 
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THE EFFECT OP STREPTOMYCIN UPON THE LIVABILITY 
AND BACTERIAL CONTENT OP BOVINE SEMEN" 


J. O. ALMQUIST,2 P. J. CtLANTZ,3 and w. t. b. thobp* 

Pennsylvania Actrioultural Experimeni Station, State College 

Various antibacterial agents have been used in efforts to overcome the 
problems associated with the pi’esenee of bacteria in bull semen used for 
artificial breeding (1, 4, 5j 6). Earlier investigations at this Experiment 
Station (1) iix^on the use of penieillin in diluted bull semen showed that 
certain organisms were resistant to penicillin at levels as. high 2,000 
units per mi. Since streptoniycin inhibits the growth of a number of or- 
ganisms which ar(3 insuseeptible or only slightly susceptible to penicillin, 
it seemed desirable to study its effect on bacteria commonly found in 
bull semen. 

Gunsalus et ah (2, 3) have reported that bulls Imrhoring Pseudo'monas 
mruginosa in their reproductive tracts were apt to have low breeding effi- 
ciencies' and be poor risks for use in artificial breeding. Since Waksmaii 
and Reilly (7) have found streptomycin to be bactericidal tor Pseudo- 
monas aeruginosa^ its addition to semen might restore normal breeding 
effieieney to bulls of lowered fertility known to disseminate this organism 
in: their. semen. ' 

■ EXPERIMENTAL 


Effect of sirepiomycm upon the Usability of spermatozoa. In a pre- 
liminary study to determine the relative resistance of stored bull spermato- 
zoa to streptomycin, this antibiotic was added to four ejaculates diluted 
1 : 24 with yolk-citrate diiuter at levels of lOG, 500, 1,000, 1,500, 2,000, 
2,500, 5,000 and 10,000 units or y per ml. of diluted semen. 'When com- 
pared to untreated controls, iio marked differences in spermatozoan liv- 
ability were noted clurmg the 20-day storage period in the levels ranging 
from 100 to 1,500 y. However, concentrations of 2,500, 5,000 and 10,000 y 
per ml. of diluted semen greatly reduced motility during storage. On the 
basis of these results, streptomycin was added to ten samples of bull 
semen at the rate of 100, 250, 500, 750, 1,000, 1,250, 1,500 and 2,000 y per 
ml. of diluted semen with appropriate controls. Each of the ten ejacu- 
lates was diluted 1 : 24 with yoik-citrate diiuter composed of one part of 
fresh egg yolk and one part of citrate buffer prepared by dissolving 3.6 g. 
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of sodium citrate dihydrate m 100 ml of water distilled over glass. The 
streptamycin powder was dissolved in sterile sodium citrate solution and 
mixed with egg yolk to provide a diliiter with a 1:1 ratio of yolk to buffer. 

The diluted samples were stored at 4.5° C. and the pereentages of motile 
spermatozoa were determined every 2 days for 20 days. In order to avoid 
bias on tjie part of the observer making the motility estimations, random- 
ized numbers were placed on the test tubes of diluted semen contaMing the 
Various levels of stix^ptomycin. Baeterial counts and streptomycin assays 
were made on these samples after 0, 8 and 16 days of storage. 

The ten ejaculates had a mean coneentration of 1,054,000 spermatozoa 
per ciibie millimeter, a mean initial motility of ‘ 69 per cent active sper- 
matozoa, and a ineaii methylene blue reduction time of 9.4 minutes. 

The mean motility data for the ten ejaculates are shown in table 1. 

■^TAELE'U . 


The effect of strepiomyoin %(,po7i the UvahiUty of bovine spermatozoa 
(Mean oi 10 determinations) 


Streptomycin 
units per ml. 
of diluted 
semen 

Per cent motile spermatozoa 

Before 

storage 


After storage at 4.5‘ 

^ C. for 


4 days 

8 days 

12 days 

10 days 

20 days 

. Control 

Of) 

:"59-.. : . 

44 

S3 

16 

10 

100 

69 

57 

47 

33 

19 

8 

250 i 

69 

58 

47 

34 

17 

8 

500 

69 

61 

47 1 

1 , 34. 

19 

5 

750 1 

69 

59 

46 

31 

18 

'5 

1000 

69 

59 

45 

32 

15 

9 

1250 ' 

69 

59 

45 

■ 25.' 

14 

3 

1500 

69 

60 

43 

27 

13 

6 

2000 

69 

60 

43 ■' 

25 

14 

4 


Using the observations made at each 2-day interval, analysis of variance 
showed no significant differences in spennatozoan livability between levels 
of streptomycin of 0, 100, 250, 500, 750 and 1,000 y per ml. However, the 
three highest levels (1,250, 1,500 and 2,000 y per ml. of diluted semen) 
brought about a highly significant decrease in livability as compared to 
untreated diluted semen. 

The relationship between spermatozoan livability and concentration of 
streptomycin was studied further by means of regression. While both 
highly significant linear and curvilinear regressions were calculated, a test 
for significance of departure from linearity showed that a straight line 
was more applicable to the livability data (fig. 1.). Compared to luitreated 
control samples, the mean percentage of motile spermatozoa during storage 
for 20 days decreased by 0.5 per cent for each addition of 260 y of strep- 
tomycin. 

Effect- of streptomycin upon the lacterial content of Muted semen. 
Bacterial plate counts were determined on nine samples of diluted semen 



^mi 
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after 0, 8 and 16 days of storage using veal infusion agar containing 4 
per cent sterile delibrinated ox blood. The samples were xilated in dilu- 
tions of 1 : 10, 1 ; 100, 1 : 1,000 and 1 : 10,000 and incubated for 48 hours at 
37° C. Desoxycliolate agar plates incubated at 37° C. were used for de- 
termining the number of bacteria belonging to the coliform group. The 
same xirocedure was followed in obtaining bacterial counts on portions of 
undiluted semen and plain yolk-eitrate diliiter stored for 0, 8 and 16 days. 

The results of the bacterial plate counts are shown in figures 2, 3 and 4, 
Logarithmic rather than arithmetic means have been used to express the 
mean number of bacteria in the nine semen samples. Since 1 : 10 was the 
lowest serial dilution employed and at least 25 colonies w^ere required at 


Y « 35.62 - 0.001896 X 


0 250 500 750 1000 1250 1500 1750 2000 

Units of Streptofflycin per ml. Diluted Semen 
(Detemined by Assay Before Storage) 

Fig. 1. Belationship of per cent motile spermatozoa during 20 days of storage to 
level of streptomycin, as sliowu by regression. 

this dilution before a count was considered significant, any counts below 
log number 2.40 only indicate that the material was not sterile. 

As shown in figure 2, levels of streptomycin above 100 y per ml. were 
most effective in iuMbiting growth of bacteria in freshly diluted semen. 
Complete inbibitioii was obtained at all levels of streptomycin in seven of 
the nine samples. Freshly diluted semen without streptomycin contained 
an average of 5,000 bacteria per ml., as compared to an average of only 
120 bacteria per ml. for the portions of diluted semen containing added 
streptomycin. 

Figure 3 shows that ail levels of streptomycin retarded bacterial gi'owth 
in diluted semen stored for 8 days at 4.5° C. The tubes of untreated 



units of 
streptomycin _ 
per ml. of 
Diluted Semen 


Pig-. 3. The eJKeet of streptomycin upon bacterial growth lu diluted semen stoicd 
for 8 days at 4.5° 0. 
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Log of Nmiber of Bseteria per ml- ^ 


Undiluted Semen 
Dilutee 


Units of 
Streptomycin _ 
per ml. of 
Diluted Semon 


IDOO 


1250 


1500 


2000 


The effieet of streptomyem upoE baeterial growth in freshly diluted eemon. 


Eig. 2. 

.1 89 nnn bacteria per ml. while those containing strepto- 
semen averaged 82,000 oac P semen The high average 

mvcin averaged 2,000 bacteria per ml. ot dilnted semei . - 

“ . Ji Kno or,/! 1 finOv levels were due to one sample ox smtixu. 

Cnlture pMe^unts made after 16 days of storage, as shown in fignre 
Infonroft^^ 

point colonies were present which made counting ^ j_ 

ever in the remaining five samples streptomyein showed faiilj good inliiln 
Z’cJ^eS^rolth a. compared with The average hae- 

Log of Kumher of Bacteria per ml. 

1 2 3 ♦ 5 6 V 8 ? 


Undiluted Semen 
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terial eount for diliited semen without streptomycin was 131,000,000 per 
ml., while the a.verage for diluted semen containing the various levels of 
the antibiotic w^as 137,000 per ml. Thus, the antihaeterial activity of 
strepitoniyein was greatest in freshly diluted semen and semen stored for 
8 days. 

Very few typical bacteria of the eoliform group were present on the 
desoxycholate agar plates. Only one sample had countable plates and 
these were present only in the undiluted semen and the tube of diluted 
semen ■which did not receive streptomycin. The nnmber of bacteria of the 
eoliform group increased iii these two tubes during storage. 'While there 
were only a few organisms of this type per ml. in the fresh undiluted 
semen, counts of 250 and 50,000 per ml. were obtained after storage for 8 



0 

I- 

. 1 
Undiluted Semen ^ 

Diluter |s. 


0 


200 1 


250 1 


500 1 

Units of 

1 

Sti'eptomycla 
per ml* of 

750 I 

Diluted Semen 

1000 I 


1250 1 


1500 I 


^boo i 


Log of Ktober of Bacteria per ml* 

2 3 ^ 5.6 7 6 


Fio. 4. The effect of streptomycin upon bacterial growth in dilated semen stored 
for 16 days at 0. 

and 16 days, respectively. The nnmber of eoliform bacteria in the un- 
treated diluted semen increased fToni a few colonies before storage to 5,000 
per ml. after 8 days of storage and 1,000,000 per ml. after 16 days of 
storage. ' ■ ■ 

Total plate counts on the ten samples of fresh, uiidiixit^^^^ semen used 
in the final livability study ranged from 2,000 to 350,000 bacteria per ml., 
with a mean of 73,000 bacteria per ml. The samples were collected with 
an artificial vagina and only two of the ten ejaculates had counts exceed- 
ing 100,000 bacteria per ml., while seven of the remaining eight had counts 
of 30,000 or less per ml. 

Siahility of streptomycin in diluted semen. The stability of strepto- 
mycin in diluted semen stored at 4.5° C. was determined by assays at 0, 8 
and 16 days with the standard cylinder plate method, using Bacillus 
fxfe as the test organism. The results of the assays made on ten diluted 
semen samples are presented in table 2. There was no appreciable decrease 
in the amount of streptomycin over the 16-day storage period. 
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Studies are now in progress to test the effect of streptomycin upon tlie 
fertility of diluted semen used for artificial breeding. Its \ise in combi- 
nation with penicillin also is being studied and will be repoi’ted as soon as 
the work is completed. 

TABLE 2 


The stability of sireptomymn in diluted semen stored at 4,5^ €. 
(Mean of 10 determinations) 


Theoretical 
units of 
streptomycin^ 

Units of streptomycin by assay 
(per ml. of diluted semen) 

Before 

storage 

After storage for 

8 days 

16 days 

Control 

0 

0 

0 

IGO 

■ 96 

. ■ 96' 

' 95.' 

250 

246 

1 ■ ' : ■ .252'.„ 

'■ ■■ ■ ' 247'.. 

500 

501 

■ ' :'520. ■ ■ 1 

502 

7e50 

814 

\ . 774' . 

756 

1000 

1014 

1094 

988 

1250 

1282 

1250 

1267 

1500 

1586 

1511 

1529 

2000 

2012 

2065 

2014 

Diluter alone 

0 

: 0 ■■ ■ 

j' ■ 0. 


a No. of units expected, based on the total units in the ampules according to the 
producer. 


: ."STJMMARy^ 

L The Mditions of 100, 250, 500, 750 and 1,000 y of streptoinNcin per 
ml. of diluted semen did not significantly affect the litability of 
matozoa during a 20-day storage period. Levels of 1,250, 1,500 and 2,0007 
per ml. of diluted semen brought about a significant decrease in spermato- 
zoan livability during a storage period of 20 days, 

2. A significant linear relationship was found between sperinatozoan 
livability and concentration of streptomycin. The mean percentage of 
motile spermatozoa during storage for 20 days decreased by 0.5 per cent 
for each addition of 250 y of streptomycin. 

3. Streptomycin inhibited bacterial growth in diluted semen as com- 
pared with untreated controls. Levels above lOOy per ml. were espe- 
cially effective; the greatest antibacterial activity was obtained in freshly 
diluted semen and diluted semen stored for 8 days. The initial plate 
counts for ten ejaculates studied ranged from 2,000 to 350,000 bacteria 
per ml. of fresh, undiluted semen, with a mean of 73,000 bacteria per ml. ‘ 

4. There was no significant loss in streptomycin activity in diluted 
semen stored for 8 and 16 days at 4.5^^ C. 
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EFFECT OP ULTEAVIOLET IREADIATION ON BACTBEIOPHAGE 
ACTIVE AGAINST 8TBEPT0G0GCUS LAGTIS^ 


Ct. I. GEEENE2 AND E. J. BABELs 
luwa Agricultural ’Experiment Station, Ames 


Various methods luwe been advocated for decreasing the incidence of 
slow acid prodnetion due to bacteriophage action during the manufacture 
of cheese. The control measures have included protection of the mother 
culture, bulk culture and cheese milk from bacteriophage, and also meth- 
ods for the destiaietion of bacteriophage within the cheese plant. Chlori- 
nation and irradiation with ultraviolet light commonly have been employed 
for the destruction of bacteriophage. Since bacteriophage particles fre- 
(piently are found in the air of the cheese plant, mists containing active 
chlorine have been used for their destruction. Chlorine mists have the 
disadvantage of corroding equipment and fixtures within the plant. Use 
of ultraviolet irradiation for the destruction of baeteriophage w^ould pos- 
sess various advantages over the iise of chlorine compounds^ provided it 
was' as. effective. 


HlSTOBICAIi 


Appelmans (2) and Zoeller (10) found that SMgdla bacteriophage was 
killed by a short exposure to ultraviolet rays. Mizimo (7) nqted that the 
depth of sobition eontaining bacteriophage, type of suspending liquid, and 
concentration of baeteriophage mflueneed the time required for destruc- 
tion of SMgella bacteriophage by ultraviolet rays. 

Gates (3) exposed a culture of Staphylomcous auretis and. its homol- 
ogous baeteriophage to ultraviolet light and noted a direct relation be- 
tween the energy reqtiired to kill the organism and that needed for in- 
activation of the bacteriophage; baeteriophage required expenditure of 
more energy for its destruction. 

Sutton (8) exposed various quantities of a baeteria-free filtrate con- 
taining bacteriophage active against Strepiocovcus crcmons to ultraviolet 
rays. AVhen 2-, 4-, and 9-ml. quantities of the filtrate were placed in petri 
dishes at a distance of 3 inches from a Westinghouse Sterilamp, the bac- 
teriophage was destroyed completely in 6 miiiutes, 

Beecwecl for piiblkatioii February 13, 1948. 
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Luria and Delbriick (5) stated tliat a siispensioB. of baeterial Yiriis, after 
inactivation by ultraviolet rays, may liave tlie ability to interfere with 
growth of a second viriis acting on the same host, EscJienchta coU in this 
case, A virus inactivated by ultraviolet irradiation inhibited the growth 

of senstive organisms but did not lyse bactexual cells. ^ 

Anderson (1) conducted experiments to determine whether cells of E, 
cdK which had been inactivated by ultraviolet irradiation could be used 
as hosts for the propagation of bacterial virus. Bacterial cells which 
were not able to form colonies were able to support growth of virus. Irradi- 
ation appeared to j?educe the ability of the host to adsoi'b virus, liberate a 
viriis-inhibiting substance from the host, reduce burst size of the host, in- 
activate the virus when adsorbed on the host, and kill bacteria. 

■Whitehead and Hunter (9) stated that bacteriophage active agam^^ 
lactic streptococci could be destroyed by ultraviolet light if the necessary 
exposure was given. The practical value of ultraviolet light for the de- 
struction of bacteriophage within a cheese plant was considered question- 
able because of constant reinfection. 

Latarjet and Wahl (4) noted that bacteriophage preparations and 
homologous strains of E. coU irradiated separately were not destroyed 
in the same length of time. Bacteriophage was two to six times more sen- 
sitive to ultraviolet irradiation than the homologous strain of E. coli 
However, when a mixture of bacteriophage and cells was in^adiated, the 
bacteriophage was more resistant. 

Luria and Latarjet (6) state that E, coli loses its ability to liberate 
bacteriophage after irradiation, due to inactivation of the intracellular bac- 
teriophage. When bacteria were irradiated between the time of infection 
with bacteriophage and lysis of the organisms, a rapid increase in resistance 
•was noted. The increase in resistance -was thought to be caused by an 
aeeumulation of ultraviolet-absorbing materials around the bacteriophage 
particle. Analysis of the survival curves for bacteriophage indicated that 
more than one bacteriophage particle grew in one host cell. 

METHODS 

Source of ultrmiolet light. The sources of ultraviolet light were com- 
mercial low-pressure mercury-vapor lamps, releasing 85 per cent of their 
radiations in the range of 2537 A. One bulb had an output of 279 micro- 
watts and the other bulb an output of 364 microwatts at the surface of the 
light source. 

Determination of effective radiant energy. Measurement of the effec- 
tive radiant energy of the ultraviolet lamps was made with a Luekiesh- 
Taylor germicidal light filter in combination with a standard General Elec- 
tric light meter. 


, TJLiTRAVIOLET IRRxiDIATIC 

Preparation of hacieria-free filtrm 
prepared by'addmg’ 1 mi. of a >seiisiti 
100 ml. of sterile skim milk. Bottles 
placed in an incubator at 30"^ C. for ^ 
aetiye against the aS". ktcfis culture was 
teriopliage and . a sensitive strain of S 
48 liours. After ineubatioii, the bottle 
10 per cent lactic acid, filtered throng 
ing filtrate passed through a Selas mi 
Determination of 'bacteriophage a 
serial dilution method was used to det 
phage in a bacteria-free filtrate. The 
the smallest amount of baeteria-f ree 
cause a significant retarding effect on 
litmus, or coagulation of the milk by 
Irradiation of hacteria-free fittrade 
culture of E, laetis ( Hi-1 ) and it^ 
were used throughout this series of 
used in the studies were x)ermitted 
order to stabilize tlie radiant energy 
Irradiation experiments were carr 
tity of baeteria-free filtrate containin 
tributing the filtrate evenly over the 
the cover removed from the petri disl 
surface were selected for use ; they ha« 
After a bacteriadree filtrate cont 
for a given time, a portion of the fi 
milk which had been inoculated just 
A significant retarding effect on the pi 
or coagulation of the milk, as eompar< 
the presence of active bacteriophage. 

RESD 

Irradiaiion of 1-mL quantities of 
teriopliage. One-milliliter quantities 
teriophage titers of 10‘‘\ 10"‘\ and lO”' 
eial low-pressure, mercury-vapor ultr? 
portions of the bacteria-free filtrates 
9, 12, 18 and 24 inches from the soui 
destruction of bacteriophage, using tk 
free filtrates containing various eonce 
sented in table 1. 
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The data show that bacteriophage iu a bacteria-free filtrate haviiig a 
titer of 10“^ was destroyed by irradiation in a shorter time thaii bacterio- 
phage in a filtrate having a titer of 10”^ when the irradiation distance was 
the same and comparisons were made with the same nltravioiet bnlb. AlsOj 
a baeteria-free filtrate having a bacteriophage titer of lO"'’ Avas destroyed 
by irradiation in a shorteiv time than bacteriopha^^^^^ a filtrate haying a 
titer of 10"^^ when the irradiation distance was the same and comparisons 
were made with the same nltravioiet bulb. 

The time necessary for destruction of bacteriophage increased as the 
distance between the ultraviolet bulb and the baeteria-free filtrates con- 
taining bacteriophage was iiiereased. This relationsliip was noted witli 
filtrates having different bacteriophage concentrations and with both ultra- 
violet lamps. 

TABLE I ' 


Inactivaiion Umr^^ (luring imidiiitiori of , qn <>/ harh ria-fr* Jill rat 

(umtainmg ^(iriom mneentraUom of haofi rlophagf 


Baeteriopliago titer 
of baeteria-free 
nitrate 

Lainp oiitj}!!! 
(Hiierowatts) 

Mnuites 
when r 

required for deslruelion uf ‘baeiorioplingo 
rnidiated at the following distancen fr(»ni 
the hniip: 

'. ■ '■ 3" 

in. 

6.: >■. 

in. 

9: 

in. 

ii’ 

1 IS 

1 111. 

lit. 


'.'■■279’''.:' 

;■ . 7.5, .^ 

' -7. 6 

10 

20 

15 

90 

10 

> 364 

.6.0 

• 7.6 

■>7.6 

10 

25 

35 

30-0 

■ 27Q , 

■ ■ 15.0 

30.0 

' .: 46;' : 

75 

■;160, 

2,10 

lO'O 

; ■>.■■■364 i 

7,0; ■ 

16.0 

30 

, 45 . , . 

A 75. 

>120, 

10-11 

> ■- ■.>^279' ■ .. 

120.0 

360.0 


;> 360 / 

^ 420 

900 

10-11 

^■> >^':^364 ■ 

90.0 

120,0 

!■ ■ ■■ ■ 

|. /BIO; - 

i ' 300'’ , 

330 ■ 

420 


The output of radiant energy by an ultraviolet bulb influenced the time 
required to destroy bacteriophage in a bacteria-free filtrate. Bacteriophage 
in a bacteria-free filtrate was destroyed in a shorter time by aii iiltraviobn 
bulb having an output of 364 microwatts tlian it was ]>y a bulb having an 
output of 279 microwatts, -when comparisens were ma<le at llic sa.me ir- 
radiation distance and using filtrates of tiie same l)acteT‘io phage tiler. 

Irradiation of 2M mm, dcypths of haoteria’-free fdiratrH eoniitbiing ?K/f> 
feriopltagc. Quantities of baeteria-freo filtrates siifficicait to form a layer 
2.5 mm, deep in petri dishes and having baclericq^hage tilers of 10 10 ' 

and were irradiated with the two ultraviolet bulbs described previ- 
ously. The irradiation distances were the same as those used for the ir- 
radiation of 1-ml. quantities of filtrates. The times required for destruc- 
tion of bacteriophage, using the two bulbs individually and batT.eria-free 
filtrates containing various concentrations of bacteriophage, are presented 
in table 2. 
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The da, ta show that the tiine necessary for destruction of bacteriophage 
in bacteria-free filtrates by ultraviolet light was dependent npon tlie titer 
of the filtrate. Bacteriophage in a filtrate having a titer of 10“'^ was de- 
stro 3 ^ed in a shorter time than bacteriophage in filtrates having titers of 
10^‘ or 10"^^, when eomparisolis were made at the same irradiation distance 
and with the same ultraviolet bulb. Under the same conditions, bacterio- 
phage in a filtrate having a titer of 10'” -was destroyed in a shorter time 
than bacteriophage in a filtrate having a titer of 

As in the previous experiment, the time necessary for destruction of 
bacteriophage by ultraviolet light Avas increased by increasing the irradia- 
tion distance. Also, the output of radiant energy by the ultraviolet bulb 
influenced the time required to destroy bacteriophage in hacteria-free 
filtrates; the bulb having the greater energy output destroyed bacterio- 
phage in a shorter time under the same conditions. 

TABLE 2 


InavUvation times durmtj vrraduvtion of films of taeteria-frec filfrales 

coniaining various 


T.>n,('teriop]iage titer 
().f bacteria-free 
iiltrate ' ' 

Lamp output 
(microwatts) 

Minutes required for dGstxuctioii of batderioxiliage 
/wlien irradiated at tlie following distniiees 
from the lamp: 

■' .. hi*'.' 

:6;'| 
;■■■ in.; 

. 9 : 

;,An. 

■12' 

^ in.', V. 'i 

18 1 

. ill. ■ ■'1 

■ 24 

1 hi. 

10-3 

'■ 279. 

.' 21 

26 

39 

60..' 

70 

80 

10-3 

364 

16 

20 

35 

:. :45, ; 

55 

70 

10-7 

■ 279 ' ' ! 

40 

60 

■ '75 ; ' 

90 

90 

115 

10-7 

: , ■ 364,^,,,, 

' '35', 1 

;-. 45 ,j 

60 

60 

■75: 

105 

10-1« 

279'. ^ 

^■■120' , 

135 i 

180 

210 

225 ' 

■ .255 

10-10 

364 

60 

^75 ' 

90 

135 

180 

225 


Comparison of irradiation times necessary to destroy bacteriophage in 
thin and thick films. The data presented in table 1 show that there Were 
only slight differences in the time required for destruction of bacteriophage 
in a bacteria-free filtrate having a titer of 10'® by two ultraviolet lamps 
having different energy orltputs at irradiation distances of 3, 6 and 9 
Inches. 'With irradiation distances of 12 inelies or more, there were 
greater variations in desti'uction time between the two lamps. The same 
genei’al relationship was noted with this filtrate (titer 10 ■•’) in table 2. 

A comparison of the results obtained with haeteria-free filtrates having 
bacteriophage titers of 10'® shows that at irradiation distances of 3, 6, 9, 
12 and 18 inches, bacteifiopliage in 1-ml. quantities (thin film) was de- 
stroyed in a shorter time than bacteriophage in films 2.5 mm. thick. Simi- 
lar results were obtained with botli lamps. At an irradiation distance of 
24 inches, the filtrate having a bacteriophage titer of 10'® was destroyed in 
less time in a 2.5 mm. depth with one lamp (279 microwatts output) than 
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ABSTRACTS OF LITERATURE 
BOOK REVIEWS 

L Henrici*s molds, yeasts^ and actinomycetes. 2jid Ed. C. E. 

C; W. Emmons, and II. M. TsiiomirA. 409 pp. $5.00 John Wiley 
and Soils, Inc., New York, N. Y. 1947. 

The authors liave completely rewritten and considerably expanded the 
original edition, written in 1930. Their efforts have been directed toward 
the preparation of a book on yeasts, molds, and aetinomycetes chiefly for 
stiideiits of bacteriology. In addition to expansioti of previous chapters, 
new chapters have been included on variations in the lower fungi, infections 
caused by molds, pathogeuie yeastdike fungi, and antibiotic substances. 
The revisions in classification are in some resxiects quite radical. Some of 
the suggestions undoubtedly wdll meet the approval of most mycologists, 
but others probably will meet considerable opposition. Examples of 
pi'oxiosed changes in generic and species designation for some common 
dairy microorganisms are : candiVZiim for the mold now known 

as Oospora laatis or Oid^ lacUsy Oryptoroccus spJiaerica for the yeast 
known as Tor^da spJia^rieay Seopiilariopsis hreviemilis for PenieilUmn 
hrevicmdis. 

The treatmeiit of the various individtial species of molds, yeasts, and 
aetiixomycetes is necessarily brief. In view of the present lack of any 
adequate source of information on many such organisms and their increas- 
ing importance in recent years, it is hoped that in future editions the 
authors will expand their desmptions and discussions in this field. 

P.R.E. 

2. Practical emulsions. 2nd Ed. H. Bennett. 568 pp. $8.50. Chem- 

ical Publishing Go., Ine., Brooklyn, N. Y. 1947. 

After a general discussion of emulsions and Emulsifying agents, specific 
technical applications are discussed by the author and by others, whose 
papers are presented in the form of a symposium on emulisfying agents and 
emulsions in industry. Lists of comiiiercial surface-active agents, emul- 
sifying agents, emulsions, and demulsifying and defoaming agents are given, 
with references to the original literature. A long section is concerned with 
formulas for emulsions for specific purposes. The sections concerned with 
food contain little of direct applicability to the dairy industry. P.E.N. 

3. The chemical composition of foods. 2nd Ed. R. A. MgOance and 

E, IL WiDDOWSON. 156 pp. $'3.75. * Chemical Publishing Co., Ine., 
New York, N. Y. 1947. 

The data presented are the results of studies carried out by the authors 

Ai 
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and. their associates in Great Britain 0 ¥er a considerable period of time. 
The data are presented iii two series of tables, one based upon 100-g. samples 
and one on 1-oz. samples, and recipes- for the cooked foods analyzed are 
given in a separate section. Data on vitamin content are not given. 
Water, sugar, starch and dextrins, total nitrogen, protein, fat, available 
carbohydrate, 9 minerals, calorie value, and "'acid-base balance” are gn’on 
for each food. The various foods are arranged in groups^ one of which 
comsists of dairy products. PEN 


4. Food products. Saul Blumenthal. 986 pp. .fl2.00. Cliemieal 
Publishing Go., Inc., New York, N. Y. 1947. 

This book is a eompendiura of formulas and procedures for the manu- 
facture of a gi'eat variety of food products. A chapter is devoted to milk 
and milk products, and these materials are mentioned in a number of othei- 
places. Although the book eontains a considerable amount of information, 
numerous errors are apparent, some of the material definitely is out of date 
and the treatment is spotty. Pages are devoted to a particular process 



7, La accion mhibitoria de la piociamna frente a las Brucellas abortus, 
suis y otros agentes. (The inhibitory action of pyocyanin against 
Brucella abortus, suis and other agents.) N. Pradines, Brazil. 
Eev. med, vet., i, 43 : 718-726. May, 1947. 

The organism Fseitdomonas pyocyanea inhibited the growth of both 
Brucella abortus and Brucella suis in enltnre media. Pyocyanin, a / water 
soluble blue pigment produced by the Pseudomonas organism, was found to 
have, by itself, the same action against the brucellas. This pigment had 
bacteriostatic and probably bactericidal, but not bacteriolytic, effects 
against those organisms. When tested in vitro, pyocyanin did not alter 
the phagoeitic action of the white blood' cells and retained its antibiotic 
action against the brucella organisms in the presence of blood serum. It 
also seemed to retain that property when tested in viva in a chicken embryo. 


BACTERIOLOGY 


between this mieroseopic clump count and the plate count of organisms in 
fresh, laboratory-pasteurized milk. Non-viabie organisms are capable of 
stain retention to a varying degree, depending on the microflora of the 
milk. Microscopic clump counts on fresh laboratory-pasteurized milk are 
lower than those prior to pasteurization, indicating that all the cells de- 
stroyed by pasteurization are capable of staining. A correlation exists 
between a high microscopic count in raw milk and the same milk after 
pasteurization. This relationship is not so striking -where the bacterial 
content is relatively low in the raw and pasteurized milk. H.H.W. 

6, El B.C.G, en el Uruguay. Catorce anos de experiencia sobre pasajes 
continuados en papa-bilis-glicerinada. (The B.C.G. in Uruguay. 
Fourteen years of experience with continuous passage on potato- 
bile-glycerine medium.) A. Tortorella. Rev. med. vet., 4, 43 : 
712-717. May, 1947. 

A summary of a scries of experiments that have been carried out on the 
B.C.G. bacillus for 14 yr. is given. The B.C.G* is not a changeable bacillus 
and therefore may be considered a definite strain. The successive passage 
of the organism in bile-potato-glycerine medium influenced neither the 
vitality of the baeillum nor its antigenic properties. The vaccine prepared 
from the B.C.G. strain, which had been grown and transferred in bile- 
potato-glyeerine medium, showed a definite activity which was reflected in 
the following facts : (a) It grew abundantly when cultured; (b) It produced 
cliaracteristic lesions in experimental animals, but these lesions were not 
progressive and the animals lived; (e) it produced positive tuberculin 
allergy in the guinea pigs used for the experiment, even 1 yr. after the 
inoculation; (d) it formed specific antibodies in the blood serum of experi- 
mental rabbits. E.B.M. 
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cm, bemipyocyanm, and the antigen lipid-glucide 
Waa, did not show any antibiotic ^4 ^. 
- species under consideration, 
iminary experiments for a therapeutic value of pyo 
B. ^rtm and 5. sMw were carried out. The 
m^did not cause any disturbances or lesions in s: 
... ® easily was eliminated by the urine 

probably wiU be i 

Pyoeyanin also was found in h^rr^ 


8. Gro^ of St.ptrlocccc^, _ 

OiTTOAiiT, W. J. Godkik, am> a Bmmsi,. '^Tl 

ipril II47 • 2 

sweet potato pie fillings cheese P™ 

818. .er. fouud to .upprt „,T 

«i<J to lower the pH "f ^pilla “1““- 

moculantwas cheeked but ™ ^-^o-S.eS, i 
fteeee eaho siT™ M hTS’S'T-*^ 
Staphylococcus was effectively inhibited at nH +42 


butter 

9. Studies on the neutralization of r- ' 

tralization in practice in the butter-f 

2). Palmerton 

hei. Technol., £8A, 2: 132-138. 

hfferent acidities are presented in a chart and 
leutralization are described ^ ^ 


cream for buttermaking, 
-'-■■factory. P. H, 

^ North. Nei 

•Aug., 1946. 

needed to neutralie 
techniques empj 




partially-worked butter in a churn to bring the water content to a definite 
limit is as follows; 


desired H 2 O - actual Ii 20 
Quantity to ^ content (%) content (%) 
be added "" 100 - actual H 2 O eontent ( %) 


estimated load 
of butter in churn 

.. ■ 1 . . 


A chart calculated on the basis of this formula is presented ; it is not 
applicable for calculation of salt to be added. Factors affecting the amount 
of water to be added are discussed. W.C-P. 


11. Land-cress taint in cream and butter. Parts I and IL P. H. 
Mcilow^ALL, I. D. Morton, and A. Iv. IL McDowell, Dairy Eesearch 
Inst. (N. Z.), Palmerston North. New Zealand J. Sci. Technol., 
5: 305-315, Pel). 1947. 

Land-cress (Coronopus didymm) is an annual weed, of the family 
Gruoiferae^ which appears in young pastures and in bare patches in old 
pastures. When consumed by cows, it imparts an off favor to milk and 
cream, butter, and cheese derived from it. Both land-cress and garden- 
cress contain a mustard-oil glucoside and both yield benzyl cyanide on direct 
steam distillation and benzyi isothioeyanate by the silver salt method. The 
distillate of land-eress also has a peculiar burnt odor. W.C.P. 


12. Land-cress taint in cream and butter. Part III. Relation o£ con- 
ditions of feeding land-cress to cows to incidence of land-cress 
taint in cream and butter. P. II. McDowall, I, D. Morton, and 
J. J. O’Dea, Dairy Research Inst. (N. Z,), Palmerston North, and 
A. V. Anno, Dept, of Agr., Tauranga. New Zealand J. Sei. Tech- 
no!., 6: 370-384. 

Consumption of as little as 2 oz. of cress by cows caused taint in the 
cream from milk drawn within 30 min. from the time of eating. When eowi 
ate the cress at noon, the taint was strong in the cream of milk drawn 9 hr. 
later and was present in milk drawn the following morning. Thus, removal 
of cows from pastures eontaining the cress did not prevent the taint in the 
following milkings but did cause a deerease in the intensity of the defect. 
Land-cress hay caused a weak taint in the cream. Measures are described 
for the prevention of the growth of the cress in pastures. If the weed is 
present, only dry stock should be pastured there. W.C.P. 


13. The washing of butter and its effect on curd content and quality, 
E. G* Pont, Dairy Research See. J. Council Sei. Ind. Research 
(Australia) , 19, 4 : 432-437, Nov., 1946. 

See Abs. 279, J. Dairy Sci., SO, 9: A122. 
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ABSTRACTS OF LITERATURE 


CHEESE 


14, A practical system for determining the premium value for high fat 
Cheddar cheese. A, B. Brekson, Plymouth, Wis. Natl. Butter 
Cheese J., 38, 9 ; 44. Sept., 1947. 

This discussion is a development of a previous article. (See Abs. 311, 
J, Dairy Sei., 33: A144. 1946.) It shows that when a working standard of 
52.5% fat in the dry matter of the cheese is adopted, higher amounts of fat 
command a premium and lower amounts a deduction from the market price 
of the cheese. The value of the fat is obtained by : (a) multiplying the price 
per pound of 92 score butter by 1.15 to get the approximate value of fat 
in cream; and (b) deducting the value of 1 lb. of cheese solids. This latter 
value is calculated by dividing the price of cheese by 0.61, the minimum 
amount of dry matter permitted by law in a lb. of Cheddar cheese. A table 
showing the value of fat for numerous butter and cheese price combinations 
is given. W.V.P. 


15. Factors influencing the texture of Cheddar cheese. G. H. Wilster, 
Oregon State College, Corvallis. Natl. Butter Cheese J., S8, 10 : 48 
Oct., 1947. 


The texture of cheese is improved by using high-grade milk, even though 
the milk is pasteurized before making the cheese. ■ Other essentials for 
cheese of the best texture are: clean, active starter, efBeient pasteurization, 
clean equipment, acidity control, moisture control, and control of tempera- 
tures and pressures during cheddaring and pressing of the enrd. These 
means for improving and controlling texture are suggested for treatments 
of specific defects, including gassy, greasy, open and crumbly texture, and 
corky and mealy-pasty body and texture. W V P 


16. PasteurizasSo a jato direto. (Direct steam pasteurization.) J. A. 

Ribeieo. Boletim do leite, 1 (4^ Epoea), 1 9-14, July, 1947. 

A direct steam pasteurization process to be employed for milk that will 
be used in the manufacture of cheese is described in detail and a few draw- 
ings are given to illustrate it. The advantages credited to this process 
we: (a) It IS a cheap form of pasteurization, (b) It is easy to use. (e) 

It uses a limited space in the cheese plant, (d) It takes advantage of the 
vacuum created by the steam injection to raise the milk to higher levels 
savmg time and himan effort. Studies have not been made of the compara- 
tive bacteriological efficiency of the procedure. EEM 


Eeramtos p«a quajos. O fermmto ISlIco a a alma do qaeljo. O 
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otimos. (Ferments for cheese. The lactic ferment is the foun<ia- 
tion of the cheese. The use of the perfect ferment is the base in 
the obtention of optimum cheeses.) J. A. Ribeibo. Boletim do 
leite, 9 : 1-4, 18. June, 1947. 

A brief and general discussion of the different organisms that influence 
the I’ipening of the different types of cheeses is given. A reeogiiixed 
method for the day-to-day preparation of the starter, for the manufacture 
of semi-hard cheeses from pasteurized milk, is px^esented in. detail. The 
aseptic handling of the cultures tlironghout the preparation of the starter 
is emphasized and the beneficial effects of the use of starter in the manufac- 
ture of semi-hard cheeses from pasteurized milk are enumerated. R.E.M. 

18. Temperature and humidity control in cheese-curing rooms. T. E. 

Vernon, Dairy Eesearch List. (N. Z.), Palmerston North. New 
Zealand J. Sei. TechnoL, 6 : 361-369. April, 1947. 

Cheese was of better quality after storage in an insulated room controlled 
automatically at 55° P. and a humidity of 85% than after storage in an 
uninsulated room or an insulated room without such controls. Some trouble 
with mold growth was encountered in the controlled room, but weight losses 
were less. W.C.P. 

19. Control measures against the cheese-mites, TyroHcbus casei Ouds. 

and Tyrophagus longior Gerv. J. Mugoeridoe, Plant Eesearch 
Bureau, Nelson, and R. M. Dolby, Dairy Research Inst. (N. Z.), 
Palmerston North. New Zealand J. Sci. TechnoL, 1: 1-30. 
June, 1946. 

Wa.x protected cheese somewhat against mites, but they were able to bore 
through the wax layer and enter the cheese. Dusts were ineffective against 
attacks by mites, and the high humidity necessary in cheese warehouses 
made the use of dusts difficult. Three fumigants, ammonia, methyl bromide, 
and dichloroethyl ether, were found effective, with the latter considered the 
most suitable. It is effective in low concentrations, is easily handled and 
applied, and is cheap. The chemical may be used in the vapor state as a 
fumigant, but the authors recommend that it be applied as a liquid to the 
shelves in the curing room at the rate of 1 lb, per 1,000 cu. ft. of room space 
or per 100 sq. ft. of shelving. Another method is to place the cheeses on 
boards treated with the chemical. Methyl bromide is expensive and is not 
as persistent as dichloroethyl ether. Ammonia is too readily absorbed by 
surrounding materials. W.C.P. 

20. Cheese and its relation to disease. Current Comment. J. Am. Med. 

Assoc., lS5j 11: 718. Nov, 15, 1947. 

This is a detailed review of the paper of the same title by P. W. Fabian, 
Am, J. Pub. Health, S7 : 987. Aug., 1947. 
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and niacin content of some New Zealand 
ALL, Dairy, Ees. Inst. (N. Z.), N. 0. Bathurst, 
’y AND I. L. Campbell, Dairy Research Inst., 
ew Zealand J. Sei. TeehnoL, 5: 316-328 


r me nuorimetrie method and niacin and 
microbiological methods. The thiamin and 
milks regularly were higher than those of 
content was the same for both breeds. The 
i on pasture caused a rise in the thiamin con- 
but not from Friesian cows. W.C.P. 


ation of ascorbic acid in milk. Dawn R. 
my, Wallaceville, and D. D. Pebein, Animal 
eville. New' Zealand Dept, of Agr. New 
28 A, 4 : 266-272. Dec., 1946. 

:1 for the estimation of ascorbic acid in milk 
sure dehydro-aseorbie acid. W.C F 


in cream. 6. C. DeAth, F. Ruth Light- 
Dairy Div. Laboratory, Dept, of Agr., Wal- 
I J. Sci. Teehnol, 28 A, 4 : 273-284. Dec. 


e filtration method used with butter, 
ethod also are described. W.( 


ods and food products. W. D. Pohle, J. 
LENBAOHEE. Research Laboratories, Swift 
'ood Research, 12, 3 : 229-238. May-June, 


■ic method is described for the determination 
ing dry ashing and color development with 
and copper in normal quantities did not 
lied to milk and dried milk satisfactorily, 

P.J,D. 

hatide on the ferric thiocyanate method of 
ats. G. L. Hills and R. Wilkinson, Dairy 
cil Sci, Ind. Research (Australia), 19, 4: 
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FEEDS AND FEEDING 


The meGhanism of the oxidant effects of commercial salt and water 
in butterfat. G. L. Hills and J. Conooihe, Dairy Eesearch Sec. 
J. Council Sci. Ind. Research (Australia), 19, 4 : 414-429. Nov., 
1946, 

See Abs. 286, J. Dairy Sei., 50, A124. 


CONCENTRATED AND DRY MILK ; BY-PRODUCTS 

27. A rapid method for the estimation of whey proteins as an indication 
of baking quality of non-fat dry milk solids. H. A. Haeland and 
U. S. Ashworth, Agr. Bxpt. Sta., Pullman, Wash. Pood Research, 
12, 3 : 247-251. May-Juue, 1947. 

A method for estimating the baking quality of milk proteiim in the form 
of dry milk, concentrated milk, and fluid milk is presented. The presence 
of a low concentration of whey proteins (indicating relatively high heat 
treatment) is shown to correlate with good baking quality. The whey pro- 
teins are determined, after the casein of the sample has been salted out, by 
acidifying the diluted filtrate and mea.snring the turbidity by means of a 
colorimeter. P. J -D. 


28. The utilization of buttermilk in New Zealand. P. H. McDowall, 
Dairy Research lust. (N. Z.) , Palmerston North. New Zealand J. 
8ci. Teehnol., 28 A, 2: 97-132. Ang., 1946. 

In 1940-1944, buttermilk from New Zealand creameries was used almost 
exclusively for animal feeding. Variations in tlie composition of butter- 
milk arc discussed and other uses for the product are described. W.C.P. 


29. Directions for making kefir fermented milk. L. A. Bubkey, Bureau 
of Dairy Ind., U. S. Dept. Agr. BDIM-Inf.-58. 4 pp. Nov., 1947. 

Concise directions for handling kefir grains, for preparation of the milk 
and for handling of the product are given for both small and large scale 
manufacture. P.B.N. 


FEEDS AND FEEDING 


30. The effect of the ingestion of high levels of riboflavin on the amount 
in the milk and urine. P. B. Pearson and B. S. Schweigert, Agr. 
and Meeh. College of Texas, College Station. J. Nutrition, 34, 4 : 
443-453. Oct. 10, 1947. 

Riboflavin values of normal goat and sheep milk as measured micro- 
biologically and fluorimetrieally agreed closely. After feeding 2 g. of syn- 
thetic riboflavin, the microbiological procedure showed an increase in the 
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riboflavin content of the milk of about 26%. However, the fluorimetric 
procedure gave values for the milk of about 5 times greater than the micro- 
biological technique. Growth responses of rats fed the milk agreed with 
the microbiologically determined values rather than the fluorimetric values. 
The microbiological and fluorimetric values for riboflavin content of 
urine of rats fed large amounts (10 or 20 mg.) of riboflavin agreed closely. 
Both techniques gave similar values for urine from humans fed 20 mg. of 
riboflavin per day. Goats and sheep fed large amounts of riboflavin 
evidently metabolize some of the vitamin into a fluorescent compound which 
is biologically inactive. - E.K.W. 


dr**'?.: 


31. Vitamin A intake in cattle in relation to hepatic stores and blood 
levels. P. H. Frey, R. Jenson, and W. B. Connell. Colorado 
Agr. Expt. Sta., Ft. Collins, J. Nutrition, 34, 4; 421-430. Oct. 
10,1947. 

Hereford steers' of about 8 months of age were fed a carotene-free basal 
diet plus vitamin A supplements of 0, 25, 200, and 500 I.U. daily per lb. of 
body weight. Serum levels of vitamin A and carotene were determined at 
0, 27, 83, 159, and 277 days and hepatic values at 0, 166, and 280 days. 
Animals receiving vitamin A supplements all grew at about the same rate. 
Dietary vitamin A did not exex-t a sparing action on hepatic stores of 
carotene. Vitamin A stores of the liver increased in practically a linear 
relationship with increased intake. Serum levels of vitamin A increased 
rapidly up to a daily intake of 100 I.IJ. per lb. of body weiglit, when the 
serum contained about 50 m/x per 100 ml. at 280 days. li.K.W. 








FOOD VALUE OF DAIBY PEODUCTS 

32. Some studies on the nutritive value of butter fatty acids. E. Hept- 
MANN, Univ. of Rochester. J. Nutrition, 31, 4 : 455-467. Oct. 10, 
1947. 

No significant difference in gain of weights or efficiency of food utiliza- 
tion was found between two groups of young rats (5 males and 5 females in 
each group) when one group received batter fatty acids and the other 
group received the non-volatile fatty acids of butter for a feeding period of 
6 weeks. Gains of weight and efficiency of food utilization were decreased 
only in the male rats fed hydrogenated fatty acids when one group received 
the butter fatty adds and the other group received partially hydrogenated 
fatty acids; intakes of vitamin and D were low. In still another trial, 
the amounts aiid concentrations of vitamin A stored in the livers of rats fed 
preformed vitamin A wei'e not significantly affected by complete hydro- 
gewtion of the butter fatty acids. R.K.W. 
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33. The influence of certain milking-machine adjustments on the rate of 

machine-milking. W. G. Whittleston and S. A, Yerball, Animal 
Kesearch Sta,, Dept, of Agr.j Ruaknra. New Zealand J. Sei. Teeli- 
nol, 2SA, 0: 406-416. April, 1947. 

Variations in pulsator speeds (21, 42, and 84 pulsations per min.) and 
ill vacuums (10, 14.75, and 19 in.) did not cause a significant difference in 
the milking rate. AY.O.F. 

34. Milking apparatus. L. F. Bender and J. A, Schmitt. (Assigned 

to Universal Milking Machine Co.) U. S. Patent 2,429,983, Nov. 4, 
1947 (14 claims). Official Gax:. U. S. Pat. Office, 604, 1: 85. 1947.. 
A teat cup claw is described, the bottom of which easily may be opened 
for inspection. Suitable connections are provided for collecting the milk 
from the 4 teat cups and delivering it through a hose to a milk-collecting 
device. Nipples also are provided for the air which operates the teat cups 
alternately. R.’W. 

35. Comparative rates of production of different breeds of dairy cattle. 

E, G. Misner. PIoistein-Friesian World, 44, 21: 2696-2697. Nov. 
1, 1947. 

A summary of 1,616 sires proved in D.II.I.A. wox*k in 1945 shows that 
their daughters, arranged by breeds, averaged 178 lb. less milk, 2 lb. less 
fat, $5 less energy value of product, and 0,05 more in fat percentage than 
their dams. The author interprets these figures to mean that: (a) the 
sires used are not so good as tliey should be to maintain the rate of pro- 
duetiuu of our dairy herds or (b) the , data are not fair to the bulls. A 
factor for correctly converting the total fat production to mature total fat 
production may be too low for converting milk production on young cows 
and may not give any consideration for decreasing test due to age. 

A.R.P. 

36. The persistence of DDT on cattle. R. H. Hackman, Div. of Ind. 

Chem. J. Council Bci. Jnd. Research (Australia), 1: 56-65. 
Feb., 1947. 

Licking, either by the animal concerned or by another animal, is the most 
important factor causing the removal of DDT from cattle sprayed with that 
ehemieaL The amount of DDT ingested in this way is insufficient to pro- 
duce toxic symptoms. W.O.F. 

37. Stock watering tank. C. Fine. U. S. Patent 2,430,165, Nov. 4, 1947 

(3 claims). Official Gax. U. S. Pat. Office, ^04, 1 : 13L 1947. 

The chief feature of this tank is a tubular chamber spaced above the 
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bottom, whicli acts as a fire box for providing heat. The smoke is discharged 
thi'ongii a chimney extending upward from the chamber. E.W. 


38. Electrical system for cattle stalls. J. J, Hantz. U. S. Patent 2,428,- 
875, Oct. 14, 1947 (6 claims). Official Gaz. XL S. Pat. Office, 603 ^ 
2: 264. 1947. ' ' 


To improve the sanitary condition of dairy cattle stalls an electrical 
device is used to cause the cows consistently to deposit the droppings in the 
gutter back of the stall. The device consists o£ a horizontal bar, charged 
with a small electric euiTent, adjustably suspended a few inches over the 
cow’s back. If the cow is not standing in the proper position, she receives a 
small shock at the time the back is arched prior to evacimtion, thereby 
causing the cow to step backward into position to deposit the droppings 
into the gutter. E.’W. 


MILK 


39. The significance of the coliform test in pasteurized milk. P. D. 
Delay, Califoimia Agr. Expt, Sta., Berkeley. J. Milk and Pood 
TeehnoL, 10 , 5: 297-299. Sept.-Oet., 1947. 

The coliform test is an aid in detecting faulty post-pasteurization hand- 
ling. The results of this study indicate that well-equipped plants can, with- 
out exceeding the limits of praeticability, handle milk which will be less than 
1% positive for the coliform test. The present maximum level of less than 
5 to 10% is maintained. The ultimate goal is to attain the 1% limit of 
coliform organisms in pasteurized milk by a gradual process, depending 
upon existing conditions in a given locaiity. H Jl.W. 


40. Agregado de sustancias quimicas a la lechb para su conservacion. 

(Addition of chemical substances to milk for its preservation.) 

L. J. Murguia. Eev. med. vet., 4, 43 : 702-711. May, 1947. 

Use of hydrogen peroxide, formol, sodium hiearbonate, oxygen, ozone, 
and trichloronitrometliane or ^^mierolysine’ V ehemieal substances that have 
been used to prevent the milk from curdling, was reviewed as a result of the 
recent use of “mierolysine” as a milk preservative in Prance, Use of any 
one of the substances under consideration was discouraged and condemned 
as a backward step in milk sanitation. ‘ E.E.M. 


PHYSIOLOGY 


41. The characteristics of the milk-ejection curve of normal dairy co'ws 
^ ' under standard milking conditions. W. G. Whittleston, Euakura 
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SANITAa?I03Sr AND CLEANSING 


Animal Research Sta., Dept, of Agr. New ZeakiKl J. Sci. Teclmol.j 
3: 188-205. Get., 1946. 

To ascertain quantitatively what happens when cows are milked me- 
chanically without hand stripping, the milk-ejection curves of a dozen 
cows were recorded throughout one season by means of a milk-flow record- 
ing apparatus. The average rate of milk flow tended to decline toward the 
end of the season, so that the time of milking did not decrease appreciably. 
The machine strippings did not increase significantly with declining yield, 
but the percentage of milk yielded as strippings increased. The starting 
time tended to increase and become erratic toward the end of lactation. 
No factor in the strict milking-machine procedure appeared to be harmful 
to the health of the udder. W.C.F. 


42. Contribucion al estudio del Calcio y Fosforo inorganico en la sangre 
de la vaca ledhera. (Contribution to the study of inorganic cal- 
cium and phosphorus of the blood of the milk cow.) F. A, Rojas. 
Agrieultura teeniea, 7, 1 : 20-25. June, 1947. 

The amounts of Ca and P in the blood serum of 101 laetating cows, 
which represented different breeds and different levels of production, were 
determined. The blood samples were taken before the animals were allowed 
to eat in the morning. The Ca was found to be present in the range of 8 
to 10.8 mg. per 100 cc. of blood serum, with 9.37 mg. as the average. P was 
present in the range of 2.70 to 7.50 mg. per 100 cc. of blood serum, with 
4.77 mg. as the average. The Ca-P ratio fluctuated between 1.70 to 1 and 
2.65 to 1, the average being 2.15 to 1. The Ca and P contents found were 
lower, in general, than those obtained by Haag and Jones in similar ex- 
periments. R.E.M. 


SANITATION AND CLEANSING 

43. A study of the germicidal efficiency of can washing compounds. M, 
J. PoTER AND R. D. Finley, Research Laboratory, Pet Milk Co,, 
Greenville, 111. J. Milk and Pood Technol., 10 ^ 5 : 257-262. Sept.- 
Oct, 1947. 

The germicidal efficiency of 6 alkaline and 1 acid can-washing com- 
pounds was studied in 120 to 130 milk cans. The alkalinity levels were 
studied within different ranges. The germicidal efficiency was very slight 
or non-existent at an alkalinity range of 0.05 to 0.10% as NaaO. When the 
alkalinity was increased to 0.15 to 0.20% as NagO, the germicidal effect was 
increased markedly with 2 of the cleaners. 

When the acid can-washing compound was used, the acidity of the wash 
solution was neutralized by the calcium and magnesium salts of &e hard 
water. This condition produced an alkaline reaction in the milk cans. 








MISCKIiIjANEOUS 


MISCELLANEOUS 


46. Pasteurizing apparatus. E. K. Kintnee. 

ing and Machine Works.) U. S. Patent 
(3 elainis). Official Gaz. U. S. Pat. Office, 

A pasteurizer of the plate heat-exchanger 
gasket vulcanized to the perimeter of each plate pre'^ 
ment is characterized by a centrally located baffle • 
flow up one side and down, the other between 
being reversed between the next two plates for 
or cooling. 
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ABSTRACTS OF LITERATURE 

BGOKEEVIEWS 

47* Fatty acids. Their chemistry and physical properties. Klarb S. 

Maekley. 668 pp. Interscience Publishers, Inc., New York, 

N. Y.- .T 947 .-V 

This volume is divided into six sections as follows : A. The Nature and 
History of Fats and. Waxes; B. Classification and Structure of the Fatty 
Acids; C. Physical Properties of the Patty Acids; I). Chemical Re- ’ 
actions ofthe Patty Acids; E. Synthesis of Patty Acids; andP. Isolation 
and Identification of Fatty Acids. The material is covered in 23 chapters. ^ 

The treatment is exhaustive and systematic. Numerous references to the 
original publications are given, and the author index permits ready 
reference to the publications of any one worker or group of wmkers. A 
20-page subject index greatly improves the value of the book as a reference 
volume. Numerous figures, tables and chemical formulas are employed 
to advantage. In the opinion of the reviewer, this volume is a valuable 
addition to the reference literature. P.E.N. 

48* Annual review of biochemistry. Vol. 16. J. Murray Luck, Editor. 

740 pp. $6.00. Annual Reviews, Inc., Stanford University P.O., 

Calif. 1947. 

This volume continues the standard of excellency set by the preceding 
publications in the series. Among the 25 chapters, those of particular 
interest to people in the dairy industry probably are the following: Bio- ; 

logical Oxidation and Reduction; Proteolytic Enzymes; The Chemistry ^ " 

of the Carbohydrates; The Chemistry and Metabolism of the Lipids; 

Phosphorus Compounds; Carbohydrate Metabolism; The Metabolism of 
Proteins and Amino Acids ; Antioxidants ; Choline ; The Chemistry of the 
Proteins and Amino Acids; Mineral Metabolism* The Chemistry of the 
Hormones; Fat-soluble Vitamins; Water-soluble Vitamins; The Use of 
Pteroylgiutamie Acid (Liver L. casei Factor, Folic Acid) in Clinical ^ 

Studies; Nutrition; Carotenoid and Indolic Bioehromes of Animals; ' „ ■ 

Bacterial Metabolism ; The Use of Isotopes in Biochemical Research : Funda- ! > V. 

mental Aspects; and The Chemistry of the Steroids. The volume serves >/ ; .n 

admirably as a reference book which may be used easily because of the ^ 

orderly arrangement of the material presented. F.E.N. ' ! 

•49. Sweet curd cottage cheese. N. 0. Angevine, Angevine Dairy Lahora- 

tory, Springfield, Mo. Milk Dealer, 37, 1: 46, 132-138. Oot., v \ 

Following a brief history of cottage cheese, sweet curd cottage cheeSe • ' / 
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is defined as a cottage clieese of lower acidity which, involves a definite 
method of manufacture with an actual control of acidity. It must be cut 
into cubes of equal size. It must be made by the use of a small amount 
of rennet or, better still, with good commercial cheese coagulator. 
The x)roper amount of coagulator is necessary to set up the curd firmly 
enough that it may be cut in cubes that will hold their shape at a whey 
acidity of 0.50 to 0.53%, Use of the short method whereby the cheese- 
maker controls his cheesemaking throughout is necessary. The author 
then discusses the advantages of the short method, the equipment needed 
and the short method procedure in detail. C.J.B. 


CHEMISTEY 


50. Determination of high molecular weight quaternary ammonium 
compounds as the triiodides. 0. B. Hager, E. M. Young, T. L. 
Flanagan, and H. B. Walker. Rohm & Haas Co,, Philadelphia, 
Pa. Ind. Eng. Chem., Anal* Ed,, 19^ 11 : 885-888. Nov,, 1947. 

Two qualitative and three quantitative methods of analytical value are 
described which are based on the insolubility of the triiodides of many 
high molecular weight quaternary ammonium compounds in water. These 
triiodides are precipitated rapidly from aqueous solution, redissolved in 
dilute aleobol. and determined eolorimetrically or by titration with sodium 
thiosulfate or by potentiometric titration with a solution of iodine. One 
quantitative method is simple enough for the field use of health inspectors 
testing sanitizing rinse solutions; another is a versatile laboratory poten- 
tiometrie method. B.H.W. 


CONCENTRATED AND DRY MILK; BY-PRODUCTS 


51. Plastic cream — its production and uses. R. J. Speirs, Abbotts 
Dairies, Philadelphia, Pa. Natl. Butter Cheese J,, 38, 12: 48. 
Dec., 1947. 

Plastic cream, first developed about 1920, now is well established ' in 
eommeree. It is used largely in ice cream and cream cheese but can be 
homogenized to make table cream. The baking industry accepts it re- 
luctantly because of its bland flavor. It must be made from raw material 
of high quality and must be free of iron or copper contamination. The 
cream is heated to a minimum of 170"^ P. for 15 min. after the first separa- 
tion and is held at 145"^ P. during the second separation. The proper con- 
tainer is a cylindrical cardboard type like a 5-gaL ice cream can. As soon 
as it is packaged, the cream is frozen in an air blast at -10 to -20° P., 
held at 0 to -10° P., and is shipped in refrigerated, brine-tank freight cars. 
4 careful manufacturing process makes cream with from 79.5 to 80^5% fat. 
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Standard plate coiiiats show very few bacteria in the finished product, al- 
though work should be done on psychropHlie types. Plastic cream must 
be carefully made and properly used to maintain the trade advantage it has 
earned in recent years. W.V.P. 


52. Cream separator. 0. M. Wickstrum. XJ. S. Patent 2,431,596, Nov. 
25, 1947 (6 claims). Official Gaz. U. S, Pat. Office, d04, 4: 704. 

■.■'1947. '■ 


A conventional type glass milk bottle, containing milk wiiieli has been 
allowed to cream, is capped with an airtight cover, carrying 2 tubes. To 
the outer end of one is attached a rubber bulb for forcing air into the 
capped bottJe just below the cap. The cream is forced out of the bottle 
through the second tube, the inner end of which is positioned just above 
the cream line and the outer end of which is bent downward to facilitate 
collection of the cream. R.W. 


DISEASES 


53, Brucellosis as an occupational disease. T. B. Rice. J. Am. Vet. 

Med. Assoc., Ill, 849 : 470-472. Dee., 1947. 

A very high percentage of all veterinarians engaged in large animal 
practice already have, or have had, binicellosis. The disease easily is con- 
tracted by direct contact with infected animals or raw products from in- 
fected animals. The type of organism causing abortion in goats and swine 
gives a more severe reaction in humans than does the cattle, strain. All 
possible precautions should be exercised to prevent the spread of the 
disease. Veterinarians, technicians and laboratory workers should wear 
rubber gloves in all contact work with unknown specimens. All foods and 
milk that are from possibly contaminated animals or areas should be 
pasteurized or heated before consumption. The germs easily are killed by 
heat and almost any sort of cooking is sufficient to insure complete safety 
to consumers. Brucellosis is extremely hard to diagnose in humans and, 
at the present time, treatment is not very effective. Vaccine treatments 
have not proved too effective as yet. 


54. Brucella agglutination tests and vaccination against cholera. 0. W. 
Bisele, N. B. McCullough, Grace A. Beal, Dept, of Medicine, 
School of Medicine, Univ. of Chicago; and W. Rottschaefer, 
Ann Arbor. J. Am. Med. Assoc., 135, 15: 983. Dec. 13, 1947. 

Up to 80% of cholera-vaccinated humans exhibit brucella agglutinins 
but the brueellergin cutaneous test is negative, A common antigen exists 
between the two bacteria — the H antigen of Vibrio comma. Some 3 
million veterans have been vaccinated against cholera. In this study 100 
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eholera-vaeeinatoil persons Avere observed. Fifteen were in good health ; 85 
were patients in a II. B. Navy Hospital for varions reasons, but 6 of these 
were judged to have no disease. Date.s of vaccination were known in 74 eases 
and ranged from 6 to 28 months, Avith an average of 13 months. Examina- 
tion by the Huddlcson rapid-slide agglutination test revealed 54% positive 
in a dilution of 1 :20 or higher, 41% positive at 1 :40 or higher, and 20% 
positive at 1 :80 or higher. This is compared to a value of 2% positive at 
a dilation of 1 :25 or more on 11,000 Wassei'maun serums. Of these knoAvn 
to have been vaccinated 18 months before the brucella agglutination, 27 % 
were positive at a dilution of 1:40 or higher. Emphasis is giA'cn to the 
effect cholera A’aceiuation may have on the diagnosis of brucellosis in man. 

D.P.G. 


MILK 


Future of H.T.S.T. pasteurization. C. A. "Weber, N. Y. State Dept, 
of Health, Albany. Milk Dealer, 37, i : 144. Oct., 1947. 


A brief history of H.T.S.T. pasteurization is given and some needed 
changes are discussed. . The folloAving predictions are made : (a) High- 
temperature short-time pasteurization will be the common method of ■ 
pasteurization in all but the smaller' plants until some entirely new method 
is developed, (b) The temperature may go higher and the time will be 
shortened, thereby reducing the size of the holding chamber, (c) Health 
officials and operators will demand a greater degree of standardizaion of 
design and uniformity of requirements but will welcome and accept changes 
of proved merit, (d) Thermal and safety controls will be more sensitive, 
responsive and dependable. Instruments will be simplified and combined 
to control and record automatically both temperature and time of treatment, 
(e) All surfaces contacted by the product Avill be streamlined and finished so 
that less milk solids will accumulate. Mechanical Avashiug will be im- 
proved, thereby reducing manual labor and cleaning cost. A practical 
means or method of starting and finishing an operation without the inter- 
mixing of milk and water would be very desirable. O.J.B. 


Milk 


Frozen whole milk. W. A. Kribnke, Univ. of 111., Urbana, 
Dealer, 36, 12 : 45, 68-72. Sept., 1947. 

'The information available at the present time would seem to indicate 
that, from the standpoint of processing, storage and reconstitution for 
fluid milk uses, frozen whole milk either in the unconcentrated or in the 
concentrated form has a promising future. A high quality milk supply is 
the first essential, as it is in market milk. A high preheating temperature 
of the milk (170-180° P.) is desirable. Copper contamination should be 
If the milk is condensed, a concentration ratio of 3 to 1 is satis- 
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factory, and the condensed milk should be homogenized at a pressure o£ 
2,000 to 3,000 Ib./in.^ when using the piston type homogenizer. Addition 
of a small percentage of dextrose has no appreciable effect on the quality 
of frozen condensed whole milk ; its use is not recommended. 

The homogenized w^hole milk or condensed whole milk should be cooled 
1o ap])roximateIy 40^^ F. after processing and immediately filled into the 
proper containers. Effective sealing of the container is essential in order 
that the entire package has a relatively low moisture vapor transfer rate. 
Apparently freezing of the products can be done most effectively in a 
freezing tunnel operated with a biast of air at temperatures of -10 to 
-15® P. or lower. The frozen products should be transferred from the 
freezing tunnel directly into the storage chamber. A low storage tempera- 
ture (-15® P. or lower) is very essential, and a minimum fluctuation 
of the storage temperature also is of great importance. If transfer of the 
products to a refrigerated storage having a temperature above -10® P. is 
necessary, complete .defrosting should precede the elevated storage, which 
should be slightly above freezing. 

Defrosting and reconstitution of the frozen condensed milk should be 
done by placing the frozen block into the proper volume of water at 165- 
380® P. and allowing it to melt without agitation. For a product of the 
coffee cream or cereal cream type, proportionately less water should be 
used than for normal fluid milk. By properly adjusting the cencentra- 
tion ratio of the condensed milk before packaging, it will be possible to 
use convenient quantities of water for reconstituting a unit of the frozen 
condensed milk into either of these products. Specific instructions for 
defrosting and reconstituting should appear on the package. C.J.B. 


57. Control of vitamin D milk. Cueeent Comment. J. Am. Med. 

Assoc., 13ij 17 : 1486. Aug. 23, 1947. 

In. 1933 the Council on Poods and Nutrition of the American Medical 
Association began to grant acceptance to bottled fresh milk fortified with 
vitamin D. To secure the Seal of Acceptance of the Council, dairies are 
required: (a) To declare on label or bottle cap the source and unitage of 
vitamin D, (b) to have their advertising copy approved by the Council, 
and (c) to submit proof to the Council in the form of bioassay reports 
attesting that the milk has been assayed by a reputable laboratory and 
found to be up todhe required potency of 400 units of vitamin D per quart, 
Manj^ concerns that sell vitamin D milk use the Conneirs Seal and abide 
by the regulations, but purveyors of vitimin D concentrates sometimes sell 
their products without mentioning the need for routine control to assure 
the physician and the public that proper potency is maintained. Ap- 
parently no checkups are made unless required by official agencies or by the 
Council. The only states having such regulations and providing hio- 
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logical testing of such milks are Conn., N. Y., Ky., Va. and Wis. Chicago, 
Cleveland, Detroit, St. Louis and New York are among cities requiring 
freqnent tests. Since vitamin D milks are now depended on by physicians 
to supply vitamin D, it is suggested that physicians should inquire of their 
local or state health departments to determine whether sneh milks are sub- 
jected to rontine control and whether such regulations exist for the pro- 
teetion of the public and the medical pi’ofession. D.P.6. 


58. Should we have a single standard o£ milk quality? G. M. Trout, 
Michigan State College, East Lansing. Milk Dealer, 36, 12: 184- 
•■Sept.,-1947. , 

The author eoneludes that a single minimum standard of quality for 
milk would be a blessing to the dairy industry and to mankind in general. 
All the milk solids then could be used for human consumption rather than 
converting some of them to cheaper animal feeds. Many states now ha,ve 
such a minimum quality standard for milk, but the regulations cannot be 
enforced at the origin of production due to the inadequacy of pei'sonnel. 
The burden of enforcement cannot be borne by regulatory officials alone. 
It must necessaril 3 ' rest in large part with the milk buyer. The legal 
maxim, ^^Let the buyer beware^’, soon may apply to milk buyers as it does 
to persons in other industries. The time is at hand when all milk solids, 
either for bottle or for manufacturing purposes, should meet certain min- 
imum quality standards. C.J.B. 


59. The demand side of the milk market, L. Spencer, Cornell Univ, 
Milk Dealer, 37, 1: 116-122. Oct., 1947. 

A discussion of the effect of exports, military use, and civilian con- 
sumption on the national consumption of dairy products during the past 
6 or 7 years is presented. A report then is given on the fluid milk sales in 
Buffalo, Eochester, and New York City, and of the per capita consumption 
of milk a3id cream in the New York-New Jersey Metropolitan area. Dur- 
ing the war period the U. S. Government was a heavy buyer of dairy 
products, taking nearly one-sixth of the total output in some years. 
Government buying has been reduced drastically and will not be resumed 
on a large scale except to prevent prices of dairy products from falling to 
disastrously low levels. Civilian consumption per capita of most dairy 
, products now is much above the prewar level, due largely to high consumer 
incomes which stimulate the demand for choice foods. Higher retail prices 
since the end of price ceilings and subsidies last year, combined with in- 
creasing supplies of other products, have caused some decline in per capita 
purchases of fluid mill^: and cream and ice cream. Butter consumption has 
increased with the appearance of more adequate stocks but remains far 
.>\;i).^lqw.,& prewar level. Per capita consumption of all butterfat is below 
; jpl^^war, while consumption of nonfat solids is nearly one-fourth larger, 
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Fluid milk sales in the cdties of New York State increased about 25 to 
50% between 1939 and 1946 but have suffered a slight deeliiie during the 
last year. Per capita consumption of fluid milk in the New York-New 
Jersey Metropolitan area reached the highest level in 1945 at 0.93 pint 
daily. It declined to 0.90 pint in 1946 and will be lower in 1947, al- 
tliough still fully 10% above the prewar rate. Per capita consumption of 
cream in New York is at least 25% lower than the prewar rate. Even at 
the higher retail prices now in effect, fluid milk is cheap in relation to the 
enlarged incomes of indnstrial workers. A week’s earnings of factory 
workers in New York City now will pay for about one-fifth more milk than 
could be purchased with prewar earnings. Whether the demand for milk 
and othex' dairy products will remain at or near the recent high level de- 
peiids largely upon the continuance of industrial prosperity and full em- 
ployment. If business activity and employment should decline, the demand 
for milk and other choice foods might be affected more seriously than was 
the case when consumption rates for these products were lower. C.J.B. 


60, Campaign of Pennsylvania milk distributor explains where the milk 
dollar goes. D. S. Adams, St. Lawrence Dairy Co., Beading, Pa. 
Milk Dealer, 1 : 42, 43. Oct., 1947. 

The method used by the St. Lawrence Dairy Go. to inform their cus- 
tomers, dairy employees, and milk salesmen of the economic factors which 
operate in the production, processing and delivery of milk is explained. 
The method is known as the eight-point consumer relations program and 
is as follows: Ad no. 1 as well as bottle hanger no. 1 points out that the 
farmer gets 60 cents out of every dollar spent by the consumer for milk 
The second ad stresses the fact that dairy employees get 24.5 cents out of 
each dollar the consumer spends for milk. The third ad reveals that it 
costs 5 cents to run the dairy, 2 cents for office operation and 3 cents for 
plant maintenance. The fourth ad explains it cost 3.5 cents for delivery 
of milk, the fifth that bottles and containers cost 2 cents, the sixth that 2.5 
cents is spent for employee pension and insurance funds, and the seventh 
that 1.5 cents is paid in taxes. The eighth and final ad of the series re- 
veals the usually surprising information that it costs almost 99 cents to 
deliver a dollar’s worth of milk to the consumer’s door, and only 1 cent, 
or one-fifth cent per quart, remains for profit 1 Bach of the ads also 
emphasizes the value and relatively low cost of milk, ‘^Milk”, each ad 
repeats, ^ Ogives you the biggest food value for your dollar.’^ C.J.B. 


61. Liquid cooling unit. D. L. Kaufman. (Assigned to General Motors 
Corp.) U. S. Patent 2,431,484, Nov. 25, 1947 (7 claims). Official 
Gm U. S. Pat. Office, 604, 4 : 675. 1947. 

Liquids in bulk containers, e,g., milk or cream in 10-gailbn cans, are 
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cooled rapidly, conveniently and efficiently by a device consisting of a 
submerged cylindrical evaporator in wbicb. a compressed refrigerant is 
allowed to expand and evaporate. Provision is made to meelianieally 
raise and lower the evaporator and to agitate tbe liquid to be cooled by 
means of a propeller just below the evaporator. When not in use the 
evaporator is protected by a shield comprised of telescoping sections which 
antoniatically extend and contract as the evaporator is low^ered and raised, 

R.W.:.:' 


PHYSIOLOaY 

62. The blood groups of cattle. L. C. Ferguson. J. Am. Vet. Med. 
Assoc., A 849 : 466-469. Bee., 1M7. 

Repeated therapeutic transfusions in cattle often are dangerous ; how- 
ever, most animals can sustain at least one transfusion without clinical 
response. Reactions usually are characterized by muscular trembling, 
salivation, lacrimation, coughing, hemoglobinuria, general depression, and 
temperature elevation to 104-105'^ F. The abortion of the foetus also re- 
sulted in 3 eases. The symptoms, in general, resemble rather closely those 
in human eases where repeated transfusions of compatible blood are used. 
The severity of reaction may he decreased in some cattle by the intrave- 
nous injection of adrenalin. Genetic studies of eellular antigens have re- 
vealed several useful methods of parental identity in cattle. The most 
positive conclusion at the present time is that a calf may possess a particular 
antigen in its blood only if one or the other or both of the parents possess 
that antigen. ThivS method of parentage determination already has been 
used to good advantage in many cases. The possibility also exists that 
the genes determining blood groups in cattle are linked closely with those 
for milk production. Investigations are under wslj to reveal these associ- 
ations. . T.M.L. 


SANITATION AND CLEANING 

63* How to clean heavily contaminated bottles. G. M. Moore, Cowles 
Detergent Co , Cleveland, Ohio. Milk Dealer, 36 , 12 : 43, 44, 124- 
132. Sept, 1947. 

two distinct phases to bottle washing, the bottle washer repre- 
senting the mechanical phase and the cleaner the chemical phase. The duty 
of the machine is to take the bottles to the cleaning solution, to necessary 
rinse or pressure jets or brushes, and then deliver the bottles to the in- 
spection conveyor. It is the duty of the cleaner to remove the visible 
dirt from the bottle, to destroy bacteria, mold and yeast, and then remove 
itself from the bottle as quickly and completely as possible. When oper- 
ated properly, the mechanical phase of bottle washing is a fairly well fixed 
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and establislied function. Minor iiieclianical changes sometimes can be 
affected, siieh as increasing the time of contact by slower operation, etc. 
The important thing is to make sure that the bottle washer is operating 
properly from a mechanical viewpoint, and then make snch changes or 
adjust men ts as are necessary in the chemical phase. The latter changes 
are distuissed under extraneous matter, time of contact, temperature and 
streugih of solution. Special emphasis is placed on the use of wetting 
agents. Directions are given for determining the concentration or the 
amount of these agents to be used and for determining the quantity re- 
quired for upkeep. C.J.B. 

MISCELLANEOUS 

64* Waste disposal for country plants. T. P. Wisniewski, Wisconsin 
State Board of Health. Milk Dealer, S6\ 12 : 50-51. Sept., 1947. 

The author states that: (a) Spending money on avoiding waste and on 
"utilizing waste products is more economical than spending it on enlarged 
waste disposal plants, (b) The most common method of milk waste treat- 
ment now in use, providing 80-90% reduction in biochemical oxygen de- 
mand, consists of the intermittent application of the waste to a filter com- 
posed of crushed stone. The treatment plant consists of a holding tank, 
trickling filter, and settling tank. The construction and operation of such 
a plant are described. O.J.B. 

65. Selection and applications of trucks, J. N. Bauman, White Motor 
Co. MilkDealer,^^, 12:41, 42, 100-112. Sept, 1947. 

A tremendous waste in motor transport occurs because, in a large 
proportion of motor truck installations, consideration is not given to the 
work that is to be done so that the motor truck can be fitted accurately to the 
job. A truck is entitled to the same consideration in its applicability for 
the job as a bottling machine in its applicability. The following 8 steps 
or procedures, arranged in the order in which they should be considered 
and which, when complete, will answer all questions of truck application, 
are set forth and discussed: (a) Determination of the work that the truck 
is going to be required to do, (b) Determination of the horsepower re- 
quired to perform this work properly, (c) Selection of the correct model 
and determination of its wheelbase and load distribution, (d) Selection 
of the proper tire sizes and types for most efficient operation, (e) Selection 
of the type of axle best suited for the work that is to be done, (f ) Deter- 
mination of the proper rear axle ratio to bring about the greatest over-all 
economy of operation, (g) Selection of the type of transmission that will 
give the most efficient operating condition, (h) Selection of the various 
optional equipment items that will make possible maximum results. 












ABSTRACTS OF LITERATURE 

BOOK REVIEW 

66. Food regulation and compliance. Vol. II. A. D, Herrick, i 

$10.00. Revere PnblisMiig Co., New York 4, N. Y. 1947 < 

Tins is the second volume of an interpretation of the Federal 
Drug, and Gosmetie Act as it applies to food. Special attention is g 
the adulteration of food^s, including that occurring during processing 
aging and shipping. Considerable space is given to problems of 'w 
tration of the Act and to a description of the powers of those eoi 
with its enf orcement. Activities connected with the control of impc 
and exportation of foods are discussed, as are methods of inspec 
premises and sampling of products, The book describes the reguia 
foods under the Act. It is quite general; yet the many exampte 
illustrate interpretations of specific conditions. 

There is no section devoted, as such, to dairy products. They ai 
tioned incidentally with other types of foods. Its value to pei’som 
ested mainly in dairy products lies in the inf ormation given concern 
hiterpretation of the law and in the description of the methods of e 
ment. . . 

The chapter headings illustrate the subject matter discussed, 
are as follows: Adulteration in Food Products, Harmful Substai 
Foods, Gontaminated Foods, Insanitary Premises and Processing 
terions Containers, Economic Adulteration, Adulteration in Confecl 
Administrative Regulations, Imports and Exports, Emergency Perm 
trol, Coahtar Colors, Inspections and Sampling, Enforcement Mea 
Methods, Offenses and Violations, Criminal Prosecution, Seizure P 
ings, Injunctive Proceedings. There is an appendix entitled ‘‘1 
Pood, Drug,, and Cosmetic Act and General Regulations for Its B 
mejit’^ in which the drug and cosmetic sections and general x’egulati 
omitted. • * M 

BACTERIOLOGY 

67. The effect of variations in technique on the plate count of mil 

ders. A. H, White, Div. Bacteriology and Dairy Research 
of Agr., Ottawa, Canada. Sei, Agr., ^7, 9 : 405-413. Sept 

A study on the influence of type of diluent, temperature of dilm 
temperature of incubation in the bacteriological anal^^sis of milk ; 
by the plate fnethod is reported. Spray process whole milk powdc 
spray and roller skim milk powders were analyzed. The use o: 

A27 
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lithium hydroxide as a diluent greatly reduced plate counts, probably due 
to the high alkalinity or pH of the solution. Even when diluted 1:100, 
the pH values of reconstituted milks averaged 9.65. Reconstituting the milk 
with the diluent at 50° G. resulted in increased plate counts as compared 
to using a diluent at room temperature. An incubation temperature of 
32° G. as compared to 37° C. had little effect on the counts. However, the 
lower temperature is recommended if available. O.R.I. 


68. Sur une methode simple d’isolement et d’ etude des ferments de 
Tarome des beurres. (On a simple method for isolation and 
study of aroma-producing ferments of butter.) Jean Keilling 
ANU A. Gamus. Lait, '27, 265-266: 235-237. May-June, 1947. 

Based on the premise that aroma-producing organisms develop more 
satisfactorily in a medium of diluted buttermilk, a method has been devised 
for the isolation and examination of organisms of this type. One milliliter 
of serum from butter to be tested is transferred to 1% sterile glucose solu- 
tion at 20° C. After being shaken at intervals for 2 hr., 1-mL transfers are 
made to sterile milk diluted 50, 75, 90, 95 and 98% with sterile water. 
These tubes are maintained at 18° C. for 24 hr. The contents of each tube 
then are examined microscopically and diaeetyi content determined. Gul- 
tures showing desirable properties on these tests then are purified by serial 
dilution and propagation on solid media. O.RJ. 


69. Method of carrying out fermentation processes for production of 
riboflavin. H. L. Follaed, N. E. Rodgers, and R. E. Meade. 
(Assigned to Western Gondensing Co.) U. S. Patent 2,433,063, 
Dec. 23, 1947 (4 claims) . Official Gaz. U. S. Pat. Office, 605, 4 : 622. 
1947. 

The synthesis of riboflavin by the fermentation of sterilized whey or 
skim milk by Clostridium acetolutylicum is improved by having the iron 
content in excess of 0.1 and 0.31 p.p.m, and the pH maintained in a definite 
range depending on the quantity of iron. B.W. 


70. Method of preparing riboflavin from whey and skimmilk. N, E. 
Rodgers, H. L. Poulard, and R. E. Meade. (Assigned to Western 
. . " Condensing Co.) U. S. Patent 2,433,064, Dec. 23, 1947 (4 claims). 

OffieialGaz.U.S. Pat. Office, 605, 4:623. 1947. 

Essentially the same as U. S. Patent 2,433,063 (see preceding abstract) 
exeeept that the pH of the medium is adjusted to 5.8 to 6.5 with lactic acid 
. prior to sterilization. R.W* 
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71. Method of preparing riboflavin from lacteal material. B. E. Meade, 

N. B. Rodoers, and II. L, Pollard. (Assigned to Western Con- 

denshig Co.) U. S. Patent 2,433,232, Dec. 23, 1947 (6 claims). 

Official Gaz. U. S. Pat. Office, ^^5, 4: 667. 1947. 

The prodnction of riboflavin from whey or skim milk by ClosMdhm 
aeeiolmf^/lieum is increased by incorporating xylose in the medinin. 

■ KW, 

‘ BREEDING 

72. The causes and diagnosis of infertility in bulls. 6. R. Moore. J. 

Am. Vet. Med. Assoc., 772, 850 : 25-29. Jan., 1948. 

Th(icaiises of sterility in tbe bull may 3 groups: (a) 

those caused by inflammatory processes of the testes and of the tubular 
genitalia, (b) testicular hypoplasia and degeneration due to hormone de~ 
fideneies and other causes, and (c) functional disturbanees due to systemic 
ill health, senility, malnutrition, obesity and lack of exercise. Certain pre- 
cautions in management and breeding may greatly improve the fertility of 
sires. Selecting for reproductive effieieney and good fertility is extremely 
important in any breeding program. It also is a good management policy 
to provide the young sme with adequate green feeds, protein supplements, 
minerals, and an opportunity for an abmidance of exercise for best breed- 
ing effieieney. T.M.L. 


73. Cost of getting cow with calf. "W. P. Schaefer. Guernsey Breeders 

J., 7S, 1 : 11-13. Jan. 1, 1948. 

The cost of keeping bulls at the Nepa Artificial Breeding Cooperative, 
Tunkhannock, Pa., averaged $614 in 1946. This amount included : Lease 
fee and depreciation of bulls owned (depreciation 50% per year) $222, feed 
$175, labor $150, housing $37, bedding $12, trucking $11, veterinary $7. 
During the year, 23,141 cows were bred at a cost of $3.95 per cow offered for 
service. An average of 1,53 inseminations was required per cow. 

A.R,P, 

BUTTER 

74. A fluorescence method for assessing the keeping quality of butter. 

G. A. Grant and W. Harold White, Natl. Research Laboratories, 
Ottawa, Canada. Can. J. Research, P, 24: 461-466. Nov., 1946. 

A method was developed for determining the fluorescence of the diluted 
sera of butter samples. Pluoreseenee values were found to be related to 
flavor scores of salted butters which had been stored at high temperatures. 
The recommended procedure was as follows: The serum was separated by 
placing 125 g. of butter in centrifuge bottles and heating in a boiling water 
bath, centrifuging at 1700 r.p.m. and siphoning off the fat. Two ml. of the 
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serum was diluted to 50 ml. witli 10% sodium acetate, the pH adjusted to 
5-6, and the fluorescence values determined immediately in a Coleman 
photofluorometer using a filter that transmitted light in the region of 365 
liifi. This procedure gave fluorescence values that were correlated with 
flavor scores (r == - 0.84) on salted butters stored at 32.2° C. (90° ,F.) and 
sampled at intervals during 32 days. ^ ^ ^ 


75. Contribution a la connaissance du beurre de brebis (beurre de cash- 
caval) prepare en Roumanie. (Contribution to the knowledge of 
sheeps' butter (cashcaval butter) prepared in Roumania.) C. 
Stoian. Lait, ^7, 267 : 342-352. 1947. 

In the making of cashcaval cheese from sheeps ' milk, the curds are heated 
by hot water and high losses of fat occur. This may be salvaged either 
by gravity or centrifugal separation. Butter oil prepared from this fat 
is marketed in southeastern Eoumania. Eight commercial samples were 
analyzed for such physical and chemical constants as melting and solidi- 
fication point, index of refraction, specific gravity, saponification, Eeichert- 
Meissi, Polenske and other values. Widely varying values were obtained in 
melting and solidification points, but in other respects fairly uniform 
values were found. The average R-M value was 29.88 and the average P 
value 4.53. O.R.I. 


CHEESE 


76. Factors influencing the quality of cheese. H. L. Wilson. Can, 
Dairy Tee Cream fl., 11 : 45. Nov., 1947. 

Sanitation is the most important factor confronting the cheese industry. 
The operator of a clean, sanitary plant should not accept milk of inferior 
quality. All bacteria foreign to cheesemaking should be eliminated. The 
control and proper rate of acid development are important in the making 
of a good uniform quality of cheese. The time element also is very im- 
portant; 2.25 hr. should elapse from setting to drawing the whey, and at 
least 2.25 hr. from time of drawing whey to milling. To make a cheese 
that is uniform in quality as well as type, a uniform method and time 
schedule must he used, varying only those steps that are necessary because 
of bacterial action. H.P. 


77. Rheological experiments carried out on Gruyere. G. Mocquot, G. 
W. S. Blair, and M. Baron. Natl, Inst, for Research in Dairying, 
Shinfield, England, Dairy Inds., 12, 10: 966-976. Oct., 1947. 

The measurement of superficial density used for Cheddar cheese manu- 
facture in England has been applied to the production of Gruyere type 
cheese made in French Jura. The method (described in a previous publica- 




tion in 1940), which measures the superficial density of the curd, was found 
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to be very valuable to clieesemakers, particularly when they are confronted 
with the processing of abnormal milks (mastitis, high acid, etc.)- 

Measurements for plasticity and elasticity by means of a ball compressor 
during curing constitute a valuable tool in predicting the future quality of 
cheese. With this inf ormation the eheesemaker can then correct or prevent 
certain defects from developing by such procedures as accelerating or re- 
tarding ripening. D.V.J. 

78. Apparatus for use in the centrifugal separation of serum from 

cheese constituents. (1. J. Strezynski. (Assigned to De Laval 
Separator Co.) . U. S. Patent 2,432,829, Dec. 16, 1947 (13 claims) . 
Official Qaz. U. S. Pat. Office, ^05, eS : 507. 194^^ 

A centrifuge has been developed which continuously removes whey from 
a cult iired milk-eream mixture to form cream cheese. The mixture passes 
through a revolving bowl -which is provided with 2 outlets, one for the lower 
density constituent wffiey and the other for the concentrated curd and fat. 
The movement of the latter is facilitated by a scaper or convejur and by 
maintaining the incoming temperature of about 160"^ P. through suitable 
insulation of the equipment. The mechanism is so designed that the curd 
and fat mixture is not aerated as it continuously leaves the bowl and moves 
through the supplementary devices. Measured amounts of such desirable 
additives as gum, salt and flavoring ingredients may be eontinuously in- 
jected into and intimately mixed with the cream cheese as it is discharged 
from the machine. R.W. 

/chemistey";-'^ 

79. Differenciation de la caseitie et de la lactalbumin e par ua processus 

microbien. (Differentiation of casein and lactalbumin by a 
microbial process.) Jeah Keiolino and A. Barret. Lait, 27 ^ 
267 : 337^-342. July-Aug., 1947. 

Ill the course of studying dairy fermentations, a mycoderm was isolated 
wdiich possessed the ability to digest casein to amino acids. No amino 
nitrogen, as determined by the Sorensen method, was produced in media in 
which albumin was the source of nitrogen. The organism oil solid media 
produced small round colonies with irregular contours. The cells were 
elongated, 3-5 in diameter and. 5-6 /a in length. They reproduced by 
budding. When cultured in milk, a maximum yield of amino nitrogen was 
obtained in 16 days at 30° C. The total lactose of milk was not greatly 
reduced after 16 days. It is suggested that this organism will be of value 
in laboratory determinations and in the ripening of soft cheese. O.R.I. 

80. Analyse des cremes, (Analysis of creams.) R. Moreau. Lait, 27 ^ 

265-266:257-258. May-June, .1947. 

A modification of the Koefaler-Bacot method is proposed whereby the 
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84. A further report on staphylococcic abortion in a dairy herd. W. D, 
PouNDEN, L. C. Ferguson, C. E. Knoop, and W. B. Ebauss. J, 
Am. Vet. Med. Assoc., Ill, 848 : 376-378. Nov., 1947. 
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fection.) An organism resembling Staphylococcus aVbm was reeo^^ered 
from the necrosed cotyledons or pns in 4 instances. In 2 eases the organism 
was fonnd in the aborted calves. Organisms of apparently similar charac- 
teristics were recovered from semen samples from the bull in question. 
All cows bred were negative to tests for brucellosis and trichomoniasis, 

ICE: CREAM. ■ ' ' 

85. Overrun control in ice cream. P. H. Tracy, Dept, of Dairy Hush., 
Univ. of 111. Ice Cream Field, 50^ 4 : 88, 89.^ Oct., 1947. 

The importance of overrun control is stressed and data given to show 
the relation of overrun to ice cream ingredient cost. However, ingredient 
costs are not the only ones affected by producing ice cream with lower over- 
rnn. The author states: ^ ‘ The aim of the industry at the present time is 
an ice cream with an overrun of ahont 60 percent.’’ Dipped ice cream 
should have slightly more than 50% overrun; few’er problems result in 
producing packaged ice cream at an overrun of 60-"65% than at 50%. Dip- 
ping materially changes the texture of ice cream. Low overrun (40-60%), 
machine filled packages have a better texture than hand dipped packages 
with the same overrun. The author suggests that ice cream be frozen to 
the usual 100%? overrun and, after partially freezing, part of the air be 
pressed out so as to obtain the desired overrun. The economics of the prob- 
lem requires that the industry ascertain the optimum overrun consistent 
with quality and the willingness or ability of the consumer to pay. 

w.G.a 


86. The shrinkage problem. C. D. Daiile and J. A. Meiser, Jr., Dept, 
of Dairy Hush., Pennsylvania State College. lee Cream Rev., 31^ 
5: 64, 67. Dec., 1947. 

In order to obtain information as to the prevalence of shrinkage in ice 
cream and to learn of methods used by the industry to combat it, a question- 
naire was submitted to members of the I.A.I.C.M. The answers indicated 
that more shrinkage occurred in plants using sweetened condensed milk than 
when other forms of concentrated milks were used. The elimination of 
wheat sirups from the mix eliminated shrinkage in 11 out of 18 plants using 
this product. Eliminating or reducing the amount of other sirups also 
eliminated a considerable amount of shrinkage. Lowering hardening room 
temperatures from + 5 or - 10'' P. to - 15 or - 20" P. was effective in re- 
ducing shrinkage in several casea. Freezing ice cream to a lower tempera- 
ture at fhe freezer and slowing down the continuous freezer were found 
helpful in controlling shrinkage. Some plants reported they stopped shrink- 
age by changing stabilizers, and 3 plants stopped their trouble by elimi- 
nating the use of emulsifiers. There is no single remedy for the shrinkage 
problem. ■ >: - 
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From results of researcli work, as well as from information obtained 

from the questionnaire, it woiild appear that tbe use of sweetened non- 
densed milk, the use of certain in the mis, the presence of free fatty 

acids, the use of emulsifying agents, improper surface of paper containers, 
improper temperatures in the hardening room and cabinets, and season of 
year may contribute to shrinkage. W.J.C. 


87/ Vanilla, the edible orchid/ N.^ Larsen, Polak & Schwarz, Inv., 
Ice Cream Trade J., 45, 8 : 72, 73, 85-88. Ang., 1947. 


This article deals with the early history relating to the discovery of the 
vanilla bean, dehnitions of the various types of beans, how they are propa> 
gated, cured and packaged, quantity consumed, composition and uses. 

W.H.M. 


88. Defrosting. S, Ruppright. Ice Cream Trade J., 45, 8 : 78, 98. Ang., 
1947. 

Defrosting of refrigeration coils may be accomplished with outside air 
or TOth hot gas from the high side of the refrigeration system or brine 
in a brine sj^stem through valved connections. Another method is by use of 
heat of dissolution liberated by thinning a brine with the substance of the 
frost. Electrical resistance heat may be used when the resistance wire is 
thermally united with the coil. Water also is used as a carrier of heat for 
defrosting evaporator coils. Water defrosting may result in freeze-ups 
unless done quickly with special equipment. The washing effect of water 
is desirable and aids in removal of odors from the coils. W.H.M, 






89, Improving packages. J. H. Erb, The Borden Co. Ice Cream Trade 
J., 45, 10: 104, 144, 145. Oct., 1947, 

The most common faults of much packaged ice cream are high overrun, 
vreak body, course texture, fluffy body and poor flavor. Packaged ice 
cream should have a fine flavor, smooth texture and firm ^body. A total 
solids content of 38,5 to 40% is desirable. The use of corn sirup to gain in 
non-sweet solids and of high grade egg yolk to produce small air cells is 
advantageous. Only high quality raw material should be used. Thorough 
homogenization and 5 hr. of aging are recommended. In freezing, the over- 
run should be kept under that of corresponding flavors of hulk ice cream. 
Every container should be of the same weight. The ice cream should he 
frozen to a stiff dry consistency*’ and transferred to the hardening room 
quickly. The hardening time should be € to 8 hr. Appealing flavor and 
flavor combinations assist in promoting the sale of packaged ice cream. In 
addition to standard flavors, 2-layer, 3-layer and revel type of packages 
are desirable. The type of container from which ice cream must be dipped 
yields a product more like hand-dipped hulk ice cream, hut this style of 
;p0,aiage lacks the ready serving convenience of the container which is 
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easily pulled away from the ice cream. Another important factor in. the 
production of satisfactorj" packaged ice cream is the establishment of an 
adequate system of quality control. W.HvM. 

90. Automatic ice cream packaging is here. Anonymous. Ice Cream 

Trade J., 45, 10: 98, 99, 164, 165. Oct., 1947. 

Machines for packaging ice cream now are being manufactured by Ander- 
son Bros. Mfg. Go., Rockford, 111. ,- Pure-Pak Division, Ex-Cell-O Corp., 
Detroit, Mich. ; Ray Industries, Lo,s Angeles, Calif. ; Prank D. Palmer, Inc., 
Chicago, ill. ; and Prestige Products Co., New York Gity, 

Some of these machines already are being used commereially. Others 
have been fully tested and are ready for use in the plant. Still others are 
thoroughly tried refinements of eaidier machines. All are designed to set 
up, fill, and seal various types of containers commonly used in the ice cream 
industry. All should play their part in ultimately permitting a more rapid 
rate of packaging with lower cost per unit and more sanitary handling. 

■W.H.M. 

91. A complete report of Breyer’s experiences to date with the bulk gal- 

lon. A. L. Hackman, Breyer lee Cream Co., Long Island City, 
N. Y. Ice Cream Trade J., 45, 10 ; 94, 140, 141. Oct, 1947. 

This company first introduced the 1-gallon container for bulk ice cream 
in the Harrisburg area on Nov. 1, 194.5. The first month’s sales represented 
3.7% of the total sales, the second month 8%, and the third mouth 12%, 
which later dropped to 4-5% of total sales. Most dealers were in rural 
areas. Later the gallon container was introduced in Allentown and Scran- 
ton, Pa., Wildwood, N. J., and Salisbury, Md., with sales ranging from 2 to 
5.5% of total sales. Experience in the New York area was not: as satis- 
factory, with sales averaging 2%, compared to 4 to 10% in the Philadelphia 
area. Apparently there is a large consumer demand for bulk ice cream in 
gallon containers at a reasonable price. The retail price must appear on the 
container. Dealers are allowed a 20% mark-up. W.H.M. 

92. Ice cream as a nutritious food. J. W. Laweence, Can. Dairy Ice 

Cream J., 36 , 11 : 37. Nov., 1947. 

Ice cream contains almost 80% dairy products, in the form of milk, 
cream, and milk solids. An average serving of ice cream compares favor- 
ably in mineral and protein content with apple pie, rice pudding, chocolate 
layer cake, lemon meringue pie, and fruit cup, and is superior to these foods 
in many categories. An average serving of ice cream contains only 140 
calories as against 300 calories in a normal serving of apple pie, 400 in a 
piece of chocolate layer cake and 450 in a slice of lemon meringue pie. 
Ice cream is placed in the category of protective foods, containing more 
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proteins, calcium, vitamin A and riboflavin than many desserts. The pro- 
tein and mineral content of ice cream is more easily digested than that of 
other sources. At retail prices it compares favorably with many other 
staple foods. ll.F. 

93. Adding smaller markets. Anonymous. Ice Cream Trade J., 43, 10: 

96, 138. Oct, 194:7. 

Bince introducing Holly Carter brand of ice cream in Milwaukee and the 
Crestniont brand in Detroit, the A & T stoi^es are selling ice cream in many 
smaller communities, hi these small markets the stores are selling ice 
cream purchased from local manufacturers. The usual mark-up is about 
22% . No figures are available at this time on sales volume. W.H.M. 

94. Drivedn operations. II. J, Muldoon. Ice Cream Field^ 50, 5 : 24-26. 

Nov., 1947. 

The ideal spot for a drive-in is on the outskirts of the business district on 
a well-traveled thoroughfare used by local people on their way to and from 
the business district. For a drive-in with seating capacity of 32, a building 
20' X 45' on a lot 100' x 165' with parking facilities for 40 cars is recom- 
mended. 

Ice cream and products containing ice cream should be the main prod- 
ucts sold. However, hamburgers and coffee also are essential to the best 
operation. Care in selecting help is stressed; young married women or 
divorcees with one or more children are recommended for ear hops instead 
of boys or bobby seekers. Proper training and supervision of employees 
are emphasi 2 :ed, supervision constituting the most important phase of 
the whole operation. Labor and supervision costs amount to 20-22%, 
which is higher than for most inside stores. However, to do the same 
volume of business with an inside store would require about double the in- 
vestment required for a drive-in. Customer advantages and complaints 
and operator advantages and complaints are listed. W.C.C. 


95. Planning the operation of retail drive-in ice cream stores. 0. H. 
Glazier. Ice Cream Trade J., 43, 11: 66, 67, 92, 93, 94. Nov., 
1947; also Ice Cream Rev., 31, 5 ; 74, 76, 78, 80, 82. Dec., 1947. 

The location should provide ample space for the parking of ears and a 
pleasant background. The stand should be located on the edge of the 
residejitiai area rather than on a main traffic artery. There may be ex- 




or flower gardens helps to create the desired impression. Two dipping 
cabinets arranged at right angles to the front windows are desirable. One 
should be set at 10° F. for lower melting ice cream like chocolate and fruit 
ice cream and the other at 14° F. for the higher melting plain ice creams. 
Paper cups and dishes are best adapted to hi>s type of business because they 
eliminate wa>shing and breakage. Ample storage space should be provided. 
A direct expansion ammonia batch freezer is recommended, or a continu** 
oils freezer might be considered if some wholesale business is done. Storage 
space for cones, dishes and fountain supplies should be provided in the 
stand. No stand is complete without a fountain, and it shonld be of the 
proper size for the building. Mixers for milk shakes also are needed. 
Good wooden spoons and individually wrapped straws help to create good 
customer impressions. 

Personnel must be chosen wdth care by a process of elimination. The 
author has had best experience with young men 18 to 25 years of age. They 
are faster, understand how to do things without being told all the smaller 
details, and do not get confused as easily in making change and in filling 
complicated orders during a rush. 

Limit sales to ice cream and soda bar products such as sodas, sundaes 
and milk drinks. High-quality products sold in a friendly manner in 
pleasant surroundings for a fair price are the best insurance for the success 
of any retail ice cream store. W.H.M. 


96. Costs, prices, profits. A frank analysis of the industry’s position 
today, y. F, Hovey, General Ice Cream Corp., Schenectady, N. Y. 
Ice Cream Trade J., 4S, 10 : 84, 85, 145-^147. Oct, 1947. 

The cost of making ice cream in Sept., 1947, increased 11.6^ per gallon 
over the Sept., 1946, costs, with no allowance for difference in volume. 
This 11.5^ is made up of 4f for material, 4:^ for labor, 0.5^ for depreciation 
and 3^ for other items. 

Some manufacturers may try to cut costs by increasing overrun. How- 
ever, the author believes this is a mistake. A reduction in volume of sales 
will have a marked effect on cost. Figures indicate that a decrease of 10% 
in volume will result in an increase in cost of about 3^^ per gallon; a 20% 
decrease in volume increases the cost about 6^ per gallon. 

Since the consumer price is so closely related to consumption, manu- 
facturers may have to print retail prices on their packages unless retailers 
voluntarily keep percentages of profit at a reasonable level. A sound price 
structure with a discount scale providing a difference in price to large and 
small customers, at least on bulk ice cream, equal to the difference in costs 
of serving them, is advocated. Manufacturers should have printed price 
lists to which they adhere so that each manufacturer knows the basis upon 
which competitors solicit business. The discounts to be given to any eiB- 
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tomer should be determined only at the close of the year when his actual 
gallonage is known. W.H.M. 

97- Frozen dessert composition. S. Musher. XJ. S. Patent 2,431,704, 

Dee. 2, 1947 (7 claims) . Official Gaz. U. S. Pat. Office, ^05, 1: 66. 

. :':^'';1947..-. 

As a means of controlling the overrun, avoiding bleeding and improving 
the texture and body of sherbets, ices and ice cream, a stabilizer consisting 
of oat hour is recommended. To obtain optimum results, a premix should 
be prepared by blending the oat flour, gelatin if used, part of the sugar and 
some of the water or milk of the mix and heating to at least 175® F. and 
preferably to 190-220® P. This mixture then is combined with the other im 
gredients of the mix prior to pasteurization. About 1% of the total mix 
should be oat flour. R.W. 

98. Ice cream and ice cream mix. T. B. Hippue and S. S. Sadtler. II. S. 

Patent 2,433,276, Dee. 23, 1947 (8 claims). Official Gaz. U. S. Pat. 

1947. 

A dry powder, suitable for making ice cream mix, is prepared by spray 
drying a mixture of hydrogenated butterfat, cream and soya protein. 

R.W. 

MILK 

99. The freezing point of milk: Some recent developments P. J. Mac- 

donald. Dairy Inds., 12, 9 : 846-851. Sept., 1947, 

The developments that have taken place since the early work of Dreser 
in 1892 on the freezing point of milk and its application are discussed. The 
average freezing point of 480 samples of milk taken from tank car shipments 
over a period of 2 years was - 0.544® C. This figure agi*ees with those pre- 
viously reported by most investigators. 

Mastitis milk has essentially the same freezing point as normal milk, 
while the development of acidity increases the depression of the freezing 
point. The use of formalin also increases the depression of the freezing 
point but can be corrected for by calculation. Data from previously 
published work show the amount of correction required when various 
amounts of formalin are added. D.V.J. 

100. LTrradiation du lait aux Estats-Unis. (The irradiation of milk in 

the United States.) 0. Wolf. Lait, 27, 265-266 : 238-257. May- 

June, 1947. 

Irradiation methods and literature in the United States up to June, 1939, 
are reviewed- In a supplementary note, standards and practices adopted 
since that date are described. , O.R.I. 


SANITATION AND OLEANSINO A39 

PHYSIOLOGY 

101. Why hormone treatments sometimes fail, C. F. Caiey. J. Am. 

Vet. Med, Assoe., 112^ 850 : 30-33. Jan., 1948. 

The infancy and complexity of the hormone field make it a dangerous 
one for inexperienced workers. The lack of fundamental physiologie 
knoAvledge is one of the serious handicaps of hormone therapy. The exact 
nature of hormones and their specific action in the animal body still are 
unknown. Certain precautions are fundamental in any hormone therapy. 
Make as complete a diagnosis as possible. Evaluate environmental and 
clinical factors which may have same symptoms as hormone dysfunction. 
Use only products whose strength has been determined. Dosage is most 
important, since excesses often produce opposite effects. Keep up on species 
differences. T.M.Ij. 

SANITATION AND CLEANSING 

102. Some aspects of detergency involving surface chemistry and 

physics. J. C. L. IIesueggan, The British Hydrological Corp. 

Dairy Inds., 12^ 9 : 852-855. Sept., 1947. 

The fundamental chemical and physical aspects of detergency are dis- 
cussed. The process cannot be defined in terms of either physics or chem- 
istry alone, since many of the physical effects are dependent upon chemical 
reactions in the detergent solution or at the interface between the solution 
and the deposit. The subject is discussed in the light of established physical 
laws and chemical reactions and the parts they play in the complex forces 
involved in the removal of deposits from metals, glass and plastics. 

D.V.J. 

103. Cleansing of dairy utensils. III. Results of the bacteriological ex- 

amination of rinses and swabs of farm dairy utensils. S. B. 

Thomas, P. M. Hobson, C. G. Jones, E. Jones-Evans, and J, 0. 

Davies. Dairy Inds., 12, 11: 1095-1099. Nov., 1947. 

This investigation was undertaken to study the ‘ rinse and ‘‘swab’’ 
techniques of cheeking washed utensils on English dairy farms. Two types 
of farms were studied, namely, control farms using routine steam steriliza- 
tion of utensils and Category C farms (600 in number) which frequently 
produced reject class milk. 

Over 87% of rinses on control farms showed less than 50,000 baeteria^ 
while only 31% of the Category C farms fell in this class. With swab tests, 
88% of the control farms had colony counts under 5,000 per sq. ft, as com- 
pared with 27 % for the Category C group. Results showed that 50% of 
utensils on Category C farms were grossly contaminated. The authors con- 
clude that the swab technique is in many ways superior to the rinse method. 
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104. Germicidal effect of quaternary ammonium compounds on dairy 
organisms. R. Y. Hussong, Gan. Dairy Ice Cream J., 26, 11 : 92. 
Nov., 1947. 

The advantageous properties the quaternary ammonium compounds 
possess for germicidal purposes are that they are soluble in water, non- 
corrosive, non-toxic, chemically stable, have rapid killing action, are non- 
volatile, are iiractiealiy odorless and tasteless, are wetting agents, and have 
high germicidal action on test organisms used. One disadvantage of these 
compounds is that they are not compatible with certain alkalis and soaps 
used in the dairy plants. If surfaces are not rinsed free of the non-com- 
patible materials, they may neutralize the effect of the quaternary com- 
pounds. Experimental results indicate that Eoccal, Ster-Bac, Emulsept, 
and Isothan all were effective against Strepiococciis lactis and Siaphy- 
lococcus aureaus and against two species of yeasts, Torula cremoris and 
Torulasphaerica. H.P. 


105. Control of insects and rodents in food plants. G. C. Decker, 
Dairy Ice Cream J., 26, 11: 78, Nov., 1947. 

See Abs. 134. J. Dairy Sci., 30, 4 : A61, April, 1947. 


Can. 


106. 


MISCELLANEOUS 

What the Federal Food and Drug is looking for. C, T. Hubble, 
Minneapolis KStation, Pood and Drug Administration. Natl. Butter 
Cheese 1:42, 44, 46. Jan., 1948. 

The Federal Pood, Drug and Cosmetic Act of 1938 differs significantly 
from the Act of 1906 in requiring that foods be manufactured under sani- 
tary conditions. The terms of the Act are general and are not restricted 
to conditions affecting the health of the consumer. Inspectors of food 
plants are instructed to point out failures in sanitary control to interested 
manufacturers. The sediment test for insoluble material and the methyl- 
ene blue test for bacterial load are practical tests applied to examine the 
condition of milk. Penalties for violation may include seizure of the prod- 
uct, criminal prosecution of those responsible for violations, or injunction 
to cease violating the law. Pines and prison sentences may be imposed. 

W,V.P. 


107. One dairy plant operator influences 844 farmers. Anonymous. 

Natl Butter Cheese J., 39, 1 ; 30, 31, 64. Jan., 1948. 

A survey of representative members of the dairy industry in 27 different 
states disclosed that 98% of them sell supplies and equipment to farmer 
patrons. Such sales are made to provide desirable facilities and to give 
fieldmen the chance to demonstrate proper methods of production. Over 
half of the sales are made at cost; 42% , are made at regular retail prices. 



WasHng powders, filter discs, milk strainer 
sprays and sterilizers are the items most com: 

108, Practical training for dairy technolc 

Dairy Ice Cream 12 : 21. Dec. 

Theoretical knowledge is i 
good background of practical 
was found to lack practical exj 
that the provision of practiea* 
the dairy industry is to obtain 
sibility, some thought should 
The need for well-trained men 

109, West coast dairy cooperative tests key mer 

MOUS. Pood in Canada, 7, 7 : 15-18. JuJ 

During the winter months the Okanogan Val 
Association conducts classes designed to impress f 
to the importance of good public relations and the 
vision of employees. A series of 50 questions de 
lems in these fields are presented in the article 
present a number of alternative situations desigi 
to appraise himself for positions of managemenl 

110, New type refrigerator cat requires no ice. 

Canada, 7, 7 : 20-22* « 

A new type of railroad ref 
monia system for cooling is illui 
lb. of liquid anhydrous ammon 
ammonia to the espansioii coils 
temperature control apparatus 
in a tank slung below the car, 
temperatures at approximately 
held in a test house at 90^ P. 
and these remained in a sa 
type of equipment have not he* 
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113. Microbiological assay for riboflavin. H. A. Kornberg, R. S. Lang- 
DON, AND V. H. CiiELDELiN, Dept, of Clieiii., Oregon State Coll, 
Corvallis. Anal, Cliem,, 20 ^ 1:81-83. Jan., 1948. 

Riboflavin is determined using Leuconostoo mesenteroides 10,000. Tlie 
response of tlie organism to riboflavin permitted the development of an 
assa}’' method which is sensitive to 0.0001 y of the vitamin per ml. Good 
agreement is obtained among riboflavin values of samples assayed at dif- 
ferent levels as well as good recoveries of added riboflavin. Determina- 
tions ma.y be made tiir})idimetrieal]y after 14 hr. or titrimetrically after 72 
hr. ’ B.H.W. 


BUTTER 


114. Influence of separator cleanliness-storage temperature on cream 
quality. J. M. Jensen and A. L. Bortree, Mich. State Coll. Am. 
Butter Rev., 9, 5 : 10, 12, 14, 16. 1947. 

Cream from clean howls held at 92 score for 72 hr. when stored at 53^ 
F., while that from dirty bowls held a 92 score only 48 hr. When stored 
at 63 F., cream from the clean bowl had an average flavor score of 90,3 
after 72 hr., while that from dirty bowls was maintained at 90 score for 
only 48 hr. Cream held at 73° F. and separated from the dirty bowl 
stored at 73° F. maintained a 90 flavor score for only 24 hr. Essentially as 
much acid was developed in 24 hr. with cream stored at 73° P. as was 
developed in cream stored at 53° P. for 96 hr. 

Frequent delivery of cream, clean separators, and proper cooling are es- 
sential to quality cream production. Of the 3 conditions, proper cooling 
is by far the most important; temperatures of 53° P. or less are advisable. 
When cream was stored in a household refrigerator at 40° P., control of 
acidity development and flavor deterioration was satisfactory up to 96 hr. 

P.S.L. 


115. Sediment testing of cream. A. W. Rudnick, Io\va State College, 
Ames. Am. Butter Rev., 9, 12 ; 22, 24. 1947. 

Samples for sediment testing other than those taken off the bottom of 
unstirred cans of cream are unsatisfactory. The following procedure has 
been developed to facilitate proper sediment testing of cream. Using an 
off-bottom tester without pad, the sample is taken from the bottom before 
the can is stirred. The sample then is discharged into a suitable vessel and 
mixed with 12 to 16 oz. of filtered water, A pad is placed in the tester 
and as much of the mixture drawn up as possible and discharged. The 
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changing the pad. In some cases it may be necessary to dilute the sample 
with additional watex\ P.S.L. 

116. The dual use of the vacreator. Cr. H. Wilster. Oregon State ColL 

Am. Butter Rev., 5/13:28, 30, 32. 1946. 

A comparison was made at Oregon State College of butter from 86 
churnings of cream from each of 2 pasteurization methods. Butter from 
cream pasteurized in the vacreator had an average score 0,83 point higher 
than butter from cream pasteurized by the vat method. Destruction of 
bacteria was more complete mth the vacreator system of pasteurization. 
Similar experiments were carried on by the University of Manitoba and 
Iowa State College. At the University of Manitoba, in 153 comparisons, 
all but 8 churnings resulted in a higher flavor score when the vacreator 
system of pasteurization was used. Experimental results at Iowa State 
showed butter made from vacreator-pasteiirized cream to have an average 
score 0.97 point highm^ than butter made from vat-pasteurized cream. 

A study also was made at Oregon State as to the possibilities of pas- 
teurizing ice cream mix with the vacreator. Ice cream of highly satis- 
factory flavor, body, texture, and melt’-dpwix characteristics was made from 
mix prepared by condensing the required skim milk to the proper density 
through the use of the vacreator, adding the other mix ingredients to the 
condensed skim milk, and subjecting the mixture to homogenization, 
vacuum pasteurization with the vacreator and cooling. ef- 

ficiency of the Oregon State unit was SO.Sfo, but it is estimated that it 
could have been 85% had an effleient heat exchanger been used. The cost 
of removing water from skim milk was calculated to be 0.193 cent per lb. 

■ ■ P:.S.L.V::.. 

117. Cream separator. C. E. Deardorpf. (Assigned to C. B. Deardorff, 

Ine.) IT. S. Pateiit 2,434,642, elan. 20 Gaz. U. S. 

A container for milk is described. It has a horizontal partition so 
positioned that the upper compartment thus formed is of such volume that it 
contains substantially all of the cream. A flap is attached to the under 
side of the partition which closes a hole in said partition when the container 
is tipped in a designated directoii. The skim milk is retained in the lower 
compartment by the flap sealing the opening, while the cream is poured 
out of the upper compartment through a hole in the top. R.W. 

CHEESE 

118. Manufacture of cottage cheese. A. A. Schock, S. Dak, State Coll., 

Brookings. Milk Dealer, 37 ^ 2 : 48, 49, 108-12. Dec., 1947. 

A detailed description of the manufacture of cottage cheese by the 
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vren. Use of tMs method resiilts in from 3 to 5 lb. more 
.00 lb. of skim milk than is obtained by coagulating the 
y the use of starters. The defects of cottage elieese and 
ussed. O.J.B 

of ’cottage cheese from nonfat dry milk solids. W. H. 
E. Eeid and M. 0. Maughan, IJniv. of Mo., Columbia. Milk Dealer, 
o7', 1: 43, 136-138. Nov., 1947. 

A new method of making cottage cheese from dry milk solids is de- 
scribed in detail. The method was developed by making more than 100 
batches of cheese, using dry milk from, 11 different manufacturers, and 
then checking the process on a commercial scale at 2 dairy ];)lants. The 
readily available supply of spray pi'oeess nonfat di*y milk solids is used, en- 
abling milk dealers to offer their customers a high-quality cottage cheese 
at all seasons of the year. O.J.B. 


CONCENTRATED AND DRY MILK; BY-PRODUCTS 

120. Manufacture of cultured buttermilk, A. A. Schock, S. Dak. State 
Coil, Brookings. Milk Dealer*, 37^ 1 : 140-148. Nov., 1947. 

Detailed instructions are given for the manufacture of: (a) plain or 
cream type buttermilk, made from skim milk or mixtures of wdioie milk and 
skim milk having a fat content of approximately 2% ; (b) fat granule or 
fat flake-type buttermilk, which is plain type cultured buttermilk containing 
butterfat granules; and (c) cultured buttermilk from reconstituted skim 
milk. Instructions for using the creatine test for determining flavor 
production of cultures also are given. C.J.B. 


DISEASES 

121. Research and control of mastitis in New York State. H. C. Hodges, 
Vet. Coll, Ithaca, N. Y. Milk Dealer, 37, 1 : 86-89. Nov., 1947. 

Surveys made of more than 300 herds and 9,000 cows in New York 
State since April 1, 1946, show that the percentage of cows infected with 
pathogenic organisms usually associated with bovine mastitis is well over 
35%, with around 25% of the cows infected showing the presence of strep- 
tococci. Hemolytic staphylococcus, coliforms, corynebacterium, and oc- 
casionally species of Fseudomonas also are found. Some herds have 
practically no infection while others show as many as 90% of the cows with 
mastitis organisms in their udder secretions. 

' Early observations indicate that control of bovine mastitis involves three 
closely associated phases of herd management: (a) Diagnosis, know your 
, COWS; (b) prevention, protect cows from exposure to predisposing factors 
’ /. .and infection; (c) treatmept, use judiciously after . proper diagnosis. 
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122, Scientific discussion on brucellosis at medical milk commission con- 

vention, D. T. Berman, IJniv. of Wis., Madison. Certified Milk, 
4: 4, An^., 1947. 

In those areas where cattle predominate in the animal industry, Bru- 
cella abortus is a major factor in causing human brncellosis. The test 
and slaughter program has gone about as far as it can go in the eradication 
of this disease. While ealfhood vaccination is beneficial, it alone will not 
solve the problem ; the most important thing which can be expected from 
ealfhood vaccination in infected herds is time in which to exercise the 
older sanitary procedures of testing, segregation; and elimination, with the 
eventual aim of the development of brueellosis«free herds. 

More research work is needed on the value of repeated vaccinations and 
also on improving the means of distinguishing infected reactors from those 
reacting because of vaccination with strain 19. Further research may show 
that it is possible to keep herds at a high level of resistance by annual vac- 
cination. How^ever, an important factor to consider before adopting re- 
vaccination or vaccination of adults is the possibility of establishing strain 
19 in the udder of the lactating cow and, should this occur, its potential 
significance as a source of brucellosis in humans. W.S.M. 

123, Ketosis (Acetonemia) in dairy cattle* J. C. Shaw, Univ. of Mary- 

land, College Park. Certified Milk, 22^ 7 : 15, 16, Nov., 1947. 

Ketosis, an ailment often mistaken for milk fever, is caused by a de- 
crease in the amount of sugar in the blood rather than a decrease in blood 
calcium. It occurs most frequently in high-producing co\vs in late winter 
and early spring. Experimental evidence indicates: Tliat a restricted feed 
intake before or after calving, or both, is probably only one of the factors 
causing ketosis ; that ketosis is not due to a deficiency of vitamin A in the 
feed ; and that massive doses of methionine, thiamine and other B vitamins, 
when administered both intravenously and orally, have no beneficial effect. 
The recommended treatment is the injection of glucose directly into the 
venous blood, supplemented by the feeding of some form of soluble sugar. 
When the case is difficult to diagnose or when ketosis and milk fever both 
are involved, it is wise to inject calcium gluconate followed by a straight 
glucose solution. The urine test alone is not infallible in diagnosing 
ketosis ; it should be used in conjunction with information on the symptoms 
of ketosis. * W.S.M. 

FEEDS AND FEEDING 

124, Rumen digestion studies. I. A method of investigating chemical 

changes in the rumen. E. B. Hale, C. W. Duncan, and C. P. 

Huffman. Mich. State Coll., East Lansing. J. Nutrition, 34 , 6: 

733-745. 1947. 
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Methods of determining digestion coefficients and rate of digestion in 
the rumen are discussed. The bases of calculations for such studies are 
treated in detail. R.K.W. 


125. Rumen digestion studies. II. Studies in the chemistry of rumen 
digestion. E. B. Hale, C. W. Duncan, and C. F. Huppman. Mich. 
State Coll., East Lansing. J. Nutrition, 3d, 6: 747-758. 1947. 

Rumen digestion was studied in cows with fistulas. During the first 6 
hr. following feeding, the predominant digestion was of proteins and carbo- 
hydrate. During the second 6 hr. following feeding, there was a rapid 
digestion of cellulose with digestion of protein and carbohydrate continuing 
at a rate paralleling that of cellulose digestion. Rumen digestion was com- 
plete after 12 hr. Average coefficients for rumen digestion of roughage 12 
to 14 hr. following feeding were: dry matter 48.4, protein 59.6, nitrogen- 
free extract 65.2, crude fiber 27.2, cellulose 43.4, other carbohydrates 83.0 
and lignin 3,1%. Synthesis of fatty acids in the rumen wms demonstrated. 
Apparently there is rapid removal of the fatty acids following their 
synthesis. R.K.W. 


126. Mineral metabolism studies in dairy cattle. I. The effect of 
manganese and other trace elements on the metabolism of calcium 
• and phosphorus during early lactation. J. T. Reid, K. 0. Ppau, R. 
L. Salsbuet, C. B. Bender, and 6. M. Ward, N. J. Agr. Expt. Sta., 
Sussex. J. Nutrition, 34, 6 : 661-676. 1947. 

The effects of Ca, Mn and other mineral' supplementation upon Ca and 
P balance were studied during the first 5 months of lactation of 12 cows. 
A ration of grain, corn silage, and timothy-clover hay was supplemented 
with either CaCoa, CaCoa plus MnSO^, or Mieo, which was a commercial 
calcium source containing several trace elements. Phosphorus balances 
were not affected appreciably by these supplements. Manganese sulfate 
supplementation decreased Ca retention, while Mieo increased Ca 
retention. t> tt w 


127. Mineral metabolism studies in dairy cattle. II. Effect of calcium 
and manganese and other trace elements on the metabolism of 
lipids during early lactation. G. M. Ward and J. T. Reid, N. J, 
Agr. Expt. Sta., Sussex. J. Nutrition, 35, 2: 249-255. 1948. 

A study of effects of Ca, Ca plus Mn, and Ca plus Mn and other trace ele- 
ment supplementation upon fecal excretion of lipids was made with dairy 
cows. All groups of cows excreted similar proportions of total lipid in- 
take, as measured by acid hydrolysis and chloroform extraction. How- 


|Ver, calcium-supplemented animals were observed to eliminate le ss ee 
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proportions of ether extract. This was attributed to a greater amount of 
ealcmni soap formation in cows fed the calcium supplements, these soaps 
hot being measured because of their insolubility in dhethyl ether. 

These data indicate the possibility of error in crude fat digestion deter- 
niinations. KJC.W. 


128. Thiamine deficiency in the calf. B. 0, Johnson, T. S. Hamilton, 
W. B. Nevens^ and L. E. Boley, TJniv. of 111., Urbana, J. Nutri- 
tion, 55/2: 137-145. 1948. 

Thiamine deficiency in the young calf was demonstrated* This de- 
ficiency was characterized by weakness, incoordination of legs, and con- 
vulsions. In addition, some calves exhibited scouring, anorexia and de- 
hydration, The symptoms responded to thiamine therapy except in cases 
of severe dehydration. R.K.W. 


129. How to make up an economical dairy ration. Anonymous* U. S. 
Dept, of Agr., Bureau of Dairy Industry, Publication BDIM-Inf- 
57. 4 pp. 1947. 

A procedure based upon 4 diffei'eni qualities of roughage, 3 levels of 
digestible protein in the eoncentrates and the cost per ton of total diges- 
tible nutrients in the various concentrates is outlined, and examples of the 
necessary calculations are given. Pour tables, including one giving a 
schedule of suggested concentrate feeding for cow^s producing at different 
levels, are given to provide data necessary for the calculations of the most 
suitable ingredients under different conditions. P.E.N. 


130. More milk from your forage crops. R. E. Hodgson, U. S. Dept, of 
Agr. Certified Milk, 22 ^ 7 : 4, 5. Nov., 1947. 

Wlien alfalfa-Ladino clover forage was made into wilted grass silage, 
7.2% more dry matter and 26.4% more protein were obtained than when 
curing the crop as hay. The silage dry matter at the time it was fed later 
in the winter contained 10 times more carotene than did the hay. This 
difference in feed carotene showed up in the milk produced by the cows. 

The advantages of the wilting method for making grass silage over 
other methods are: low moisture content; freedom from obnoxious odors; 
highly palatable, so cows will consume more dry matter; little or no 
drainage from silo; less expensive and troublesome to make. Harvesting 
experiments showed no particular difference in the amount of labor and 
field machinery time required to harvest a ton of dry matter as silage or as 
hay. Under average conditions grass silage should not be considered a 
substitute for corn silage but rather as a substitute for part or all of the 
hay and feed as such, along with corn silage. W.S.M. 
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The use of daily factory records is desirable and makes possible the 
control of profits aifected by production. These records are’ current, and 
they point out inefficiencies in operation, possible theft, waste in labor and 
operation, and other conditions that could not otherwise be observed. 
Factory records account daily for materials and products used, for 
materials and products sold and for those remaining in inventory. Simple 
forms worked out by the production and accounting departments will make 
possible the collection of needed information in a neat, orderly and uniform 
manner. Standards for each operation, such as units of production per 
man hour in the mixing, freezing, packaging, novelty and other operations, 
may be set up. 

A list of the factory records which may be used includes: a daily re- 
port of mix made, a monthly mix report, a daily freezing report, a daily 
report of operations, a withdrawal slip for charging out products from the 
hardening room, a report showing products put into the hardening room, a 
hardening room inventory report, and a planning report showing ingredi- 
ents needed, finished product desired, hours and people needed for the 
'job., , , ■ 

Eeeords properly kept will provide information on cost of products, 
proper selling prices, proper planning of production and efficient plant 
operation, point out possible theft, and aid in quality control. They are 
a necessary part of any manufacturer’s business. W.H.M. 


135. 


Evaluating the flavor of ice cream. D. V. Josbphson, Dept, of 
Dairy Teehnoh, Ohio State Univ., Columbus. Ice Cream Trade J., 
4^,12:48. Dec,, 1947. 


Attempts “were made to determine consumer preferences with respect 
to the sugar, butterfat and serum solids content of ice cream. Groups of 
students tested over a period of 3 yr, indicated that 75% consistently 
preferred ice cream containing 14 to 15% sugar, 60% preferred ice cream 
containing 12% fat, and the percentage preference increased for sernm 
solids as the amount was increased from 8 to 13%. 

In the evaluation of flavor, three functions are used: (a) taste (gus- 
tatory response), which is the result of certain organs on the tongue; (b) 
touch (tactual response), which is the result of the stimulation of other 
organs on the tongue; and (c) smell (olfactory response), which comes 
from the chemical stimulation of the olfactory cells located at the base of 
the nasal cavities. People do not have the same degree of development or 
refinement in their taste functions. Other complications are involved, 
such as temperature of samples, size of sample, eating habits of the in- 
dividual, age and rate of recovery of taste mechanism between samples. 
In most judging work a panel of 3 to 5 judges is used. This system has 
certain weaknesses, such as time of judging, number of samples tasted, 
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presence of a dominant figure who sets standards for the group, and wide 
range of numerical points assigned to flavor scores on all factors, which 
cause results from the panel to vary fi'om the results which might be ob- 
tained from an average consumer. 

Suggestions are offered for improving present methods of evaluating 
flavor of ice cream. The relative sensitivities to basic, abnormal and de- 
teriorative flavor qualities of each member of the panel should be de- 
termined. If numerical ratings are used, a maximum range of 5 or 6 
points should be employed. Each taste observer should have complete 
freedom in expressing his judgment. A standard and uniform terminol- 
ogy for describing the flavor and texture qualities of ice cream should be 
established. Judging sessions should be planned so that observers will 
have ample time, preferably before meals. Avoid disturbance or noise. 
Evaluate the product in terms of consumer preference, if known. Eemove 
all identification marks from samples. The' individual who sets up the 
samples and takes the data should not be a member of the panel. W.H.M. 


136. Utilizing the true lactic acid content to indicate ice cream quality. 

I. A. Gould and P. A. Potter, Univ. of Maryland, College Park. 

Ice Cream Trade J., 43 ^ 12 : 46. Dec., 1947, 

Some method other than the titration procedure is needed for the deter- 
mination of the actual lactic acid content of ice cream. In recent years 
the Hillig colorimetric method for the determination of lactic acid has 
been developed in the laboratories of the Pure Pood, Drug, and Cosmetic 
Administration and has been used to indicate the quality in dry milk 
solids; the procedure has been accepted by the Association of Official Ag- 
ricultural Chemists. The Hillig method was applied to ice cream. 

The method used was essentially the A.O.A.C. method with modifi- 
cations. Of 10 samples of ice cream tested, 6 contained less than 13 mg. 
% of lactic aeid. No relationship was found between the lactic acid eon* 
tent and titratable acidity and pH of the mixes. The method was found 
to be accurate generally within 2 mg.%. Normal values were increased 
somewhat by addition of certain flavoring components but not sufficiently 
to invalidate the use of the lactic acid method as a quality test. W.H.M, 
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is trucked as far as 100 miles and rail tank cars are used for shipping 240 
miles to a condensery. Storage is not much of a problem but requires 
planning on the estimated amount needed. Meters and an auxiliary 100- 
gallon tank are used to measure the sirup ; however, the meters are not as 
satisfactory as the calibrated tank. W,H.M. 

138. The Bowman dairy program for building “dry stop” volume. H. A, 
Quitter, Bowman Dairy Co,, Chicago, 111. lee Cream Trade J., 
^,^,12:42. Dec, 1947. 

A dry stop setup for improving the appearance of dealers’ stores and 
increasing profits has been developed. The setup consists of a 5-ft. tile 
board back bar, with a 4-ft. fluorescent light behind a canopy. In the 
center of the back bar is a permanent flavor board and on either side 2 
frames in which advertising may be displayed. Electric connections for 
mixers and hot cups are provided. This bar is hung on the -wall about 
30 in. to the rear of the ice cream cabinet' and a counter is fitted on top of 
the cabinet. A specially constructed sirup tray holding 4 2-qt. shallow 
pans is fitted into one of the openings, of a wooden flip-lid cabinet. A 
dipper well also is connected to the cabinet. Through an arrangement with 
a paper cup company, the ice cream dealer is furnished with a combination 
package consisting of 300 4-oz. cups for a 10 cent sundae, 300 8-oz. cups for 
a 20 cent sundae, 300 16-oz. malt cups, 300 banana split boats, and 2 metal 
mixing collars for mixing malts and milk shakes in the 16-oz. cups. 

The salesman is paid a bonus, of 1.5 cents per gallon for every gallon 
each dealer increased over the previous year’s business and a penalty of 2 
cents for every gallon under the previous year’s business. 

In attracting people to ice cream stores, animated displays are to be 
preferred over tbe paper window displays. The fountain is placed in the 
brightest spot in the store and pictures of the various items sold are dis- 
played at the fountains. Trained, neat, courteous, and efficient help is 
employed. Cleanliness at the fountain, good quality toppings and uni- 
form servings help increase fountain business. W.H.M. 


MILK 

139. Proper store differentials, R. C. Orabb, General Ice Cream Corp., 
Schenectady, N. Y. Milk Dealer, .57, 2 : 42, 80-82. Dec., 1947. 

Based on experiences in 4 markets in upper New York State and in 
New England, the author points out that a grocery store owner today is 
realizing the same penny profit per quart of milk as he did years ago when 
,, ' milk sold for several cents a quart less. Many grocers treat milk as a poor 
; > relation and do not realize that milk can pull more customers into their 
, , stores than any other item, with the possible exception of bread. Some un- 
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favorable factors involved in milk handling are ; the low profit per unit 
of sale, the refrigeration required, the handling of empty bottles and the‘ 
supplying of a bag. However, milk has the first or second highest turn- 
over of any item in the store. Being perishable, milk attracts customers 
to the store daily. Surveys show that of people returning bottles make 
purchases averaging 66 cents. No money is tied up in inventory, as with 
canned goods. No space is needed for storage of extra inventory either 
in the basement, back room, or in an outside rented warehouse. 

The milk dealer should aid the grocer to increase his milk sales by 
urging him to keep his milk displayed, preferably in a self-service ease, 
and by using sales promotional material in his store. The dollar sales 
should be built up so that the per cent of profit will be of secondary im- 
portance. Through a process of continually talking in terms of dollars 
and cents rather than per cent of profit, the grocer’s apparent indifference 
to milk sales- can be broken down. CJB 

140. Fat variation in milk tests. T. M. Binney, Purdue Univ., Lafayette 

Ind. Am. Milk Rev., 8, 8 : 52-53. 1946. 

Factors which may be influential in causing variation in fat tests are : 
breed of cow, individuality of cows, feed, season, weather, stage of lactation, 
age, time mterval between milkings, completeness of milking, health of the 
cows, exercise, management, environment, farm skimming practices, and 
conditions during transportation of the milk. During the month of’ Mav 
composite herd tests from one herd varied from 4.7 to 5.8% ; daily varia- 
tions on composite samples ranged from 0 to 0.7% fat. In another herd 
during the same month, fat tests from composite herd samples ranged frona 
0.1 to 5.9% and daily variations ranged from 0 to 0.6% fat. P.S.L 

141. Consideration on the keeping quality of pasteurized milk. L. H. 

Burgwald and D. V. JOSEPHSON. Ohio state Univ. Am Miui 
Rev., 8, 1 : 26-47. 1946. 

Regular grades of pasteurized milk were found to stay sweet for 7 
to 28 days under conditions which might normally be imposed upon it by 
was considered sweet until the acidity increased by 
0.03%. Tlie average keeping quality under all conditions studied was 
greater to 12 days. The initial bacterial counts did not always indiite 

had very slightly better keeping quality than the higher count milk. There 

no appreciable increase in bacterial count for the first 4 days After 
4 days, the psychrophilie bacteria increased rapidly and invariably num 
bered over a hundred million at the time the iJlk soured No £"1; 
ch^ge was noted m any of the samples before 4 days. The half uints 
; t;!v: ^ flavor change at an average of 12.1 days. 
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The average vitamin C content was 10.5 mg. per 1. in the fresh milk 
^vhich had not been unduly exposed to light or room temperature. The 
quarts exposed for 2 hr. at room temperature eontained 8,5 mg. per 1. after 
exposure. The vitamin C in 4 lots had been reduced from 7.4 to 0.6 mg. per I 
in 2 days even without exposure, probably due to iron or copper contamina- 
tion. The milk from the other 4 lots not exposed had an average of 13.7 mg. 
of vitamin C per 1. in fresh milk, 9.7 mg. at 2 days, and 6.4 mg. at 4 days. 
The riboflavin content of all lots of milk was practically the same, with an 
average of 1.57 y per ml. Practically none was lost upon storage, the 
average being 1.55 y per ml. at the point of souring. P.S.L. 

142. A test for the milk plant as an added protection. A. V. Moore and 
G. M. Trout. Am. Milk Rev., 8 , 8 : 22-24. 1946, 

Five series of homogenized and iion-homogenized milk to which various 
increments of raw milk were added were observed for the development of 
rancidity, changes in titratable acidity and pH, and reaction to the phos- 
phatase test. At a storage temperature of 40'^ P., rancidity developed in 
samples of homogenized milk which were contaminated with raw milk, 
and the titratable acidity increased, along with a decrease in pH. De- 
tection of raw milk contamination was shown by the phosphatase test when 
fl.5% of raw milk was present but was questionable when only 0.1% of 
raw milk was present. It was found necessary to have at least 4% of raw 
milk present to detect contamination in homogenized samples at the end of 
24 hr. upon the basis of rancidity as judged by taste and smell. Ex- 
traction of the phenol with butyl alcohol was found necessary in order to 
make the results of the phosphatase test accurate for homogenized milk. 

P,S.L. 


143. Technical considerations in leveling milk production. L. C. Cun- 
ningham, Cornell Univ. Am. Milk Rev., 8, 9:48-54. 1946. 

Factors in leveling fall milk production include consumer demand for 
milk, seasonality of milk prices received by farmers, and dairy farm 
'Organization and income. Seasonality of milk production is increasing in 
importance due to an increase in consumer demand for fluid milk. In 
New York state, the cost of producing milk is 30% lower in the summer 
and 25% higher in winter than, the average cost for the year. 

To facilitate the study of seasonal patterns in milk production, dairy 
farms in each of 7 areas in New York were classified as even dairies, spring 
dairies, summer dairies, and winter dairies. Even dairies included those 
in which daily deliveries in the lower quarter were at least 70% of 
deliveries in the higher quarter. Spring dairies had their , highest quarter 
in April-June, summer dairies in July-Sept., and winter dairies in Jan.- 
Mareh. Farm records used were not all for the same period. Herds 
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tended to be larger in the even dairies, but generally there was little rela- 
tionship between seasonal production and herd size. 

Production per cow definitely was higher in the winter dairies than in 
spring dairies, the average diiEerence ranging from 600 to 2,000 lb. per 
cow, depending on the area. Production in summer dairies was the lowest 
of all types. The labor force is used more efiiciently in winter dairies. 
The output of milk per man in winter dairies exceeded that found in 
spring dairies in all areas; in 3 particular areas the amount was 0.5 can 
daily per nian. The year-round cost of producing 100 lb. of milk was 
lower in winter dairies than in spring dairies, the difference ranging from 
6 to 20S% in various areas. The average dilference in cost was 30 cents per 
cwt .■ 

Winter dairies weiTrinore profitable than spring dairies, the difference 
in income ranging from $300 to $1,200, depending upon total ineome. 
Differences between income from winter and even dairies were insignifi- 
cant. Summer dairies were the least profitable. The relative!}^ higher in- 
comes in winter and even dairies were due prhnarily to higher milk pro- 
duction per cow and per man and to a considerably lesser extent to higher 
milk prices in the fall. An increase in fall and winter milk production 
to meet consumer demand is in line with sound dairy, farm management. 

P.S L. 


I 


144. Paper bottle. P. D. Palmer, (Assigned to P. D. Palmer, Ine.) U. 
S. Patent 2,435,155, Jan. 27, 1948. Official Gaz. U. S. Pat. Office, 
60e, 4:642. 1948. 

A rectangnlar-shaped paper container is described sititable for dis- 
tributing milk and other liquids. For dispensing the product in a sanitary 
manner, an opening and pouring spout arrangement is provided which is 
sealed at time of filling and which cannot again be resealed once it is opened. 

R.W. 


145. Refrigeration for the milk bottling plant. L. Buehlee, Jr., Cream- 
ery Package Manufacturing Co., Chicago, III. Milk Dealer, 37 , 1 : 
92-98. Nov., 1947. 

A refrigerating plant must be of sufficient size, reliable in operation, 
require a minimum of attention, and be simple enough that the operator 
need not be highly skilled. The advantages and disadvantages of the direct 
expansion system in which the refrigerant, such as ammonia, is used directly 
in the milk cooler, ice cream freezer or room cooling coils to extract the heat 
from the product and the chilled water system, with and without ice storage, 
are discussed. The choice would depend upon the peculiar requirements 
of any specific job. C.J.B. 
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146. Sales, expenses, and profits of six leading milk companies in the 

New York-New Jersey Metropolitan Area. L. Spencer, Cornell 

Univ., Itiiaea, N. Y. Milk Dealer, 3T, 1 : 45, 46, 117-122. Nov., 1947. 

During the 6 yr., 1941-1946, 6 of the principal companies distributing 
milk in the New York-New Jersey Metropolitan Area sold $159 million worth 
of products yearly, their net profit amounting to 1 cent per dollar of sales. 
These companies had smaller profits per dollar of sales and per dollar in- 
vested by the owmers than any of a number of representative groups of com- 
panies in different kinds of business throughout the country. Companies 
manufacturing drugs and soap averaged 8.4 cents per dollar of sales; 15 
dairy eompanies doing business in various parts of the country, including 
operations in ice cream, evaporated milk and cheese, earned 2.5 cents per 
dollar of sales in this 6-yr. period. 

The return on the owners’ investments in the 6 milk companies for the 
period was 3,3%. This rate was lower than that for any of 17 important 
giwps of companies whose financial 'statements are made ];)ublic. During 
the period studied the dollar sales of the 6 milk companies increased 67% 
while the amount paid for milk and other products purchased went up 
87%. These gains were due mainly to the general advance in prices rather 
than to growth in physical volume of business. Product cost amounted to 
55% of sales in 1941 and 61% in the year ending June 30, 1947, while the 
gross spread between sales and product cost became 44% greater. 

A little more than 12 cents a quart is paid by the dealer for his milk 
supply at country receiving plants. Operating costs of all kinds on milk 
delivered to the consumer’s doorstep come to nearly 10 cents; of this 
amount, more than 6 cents goes for delivery service. The dealer’s profit 
is perhaps as much as 0.5 cent a quart before taxes are paid. This is equiv- 
alent to 1.5 cents per dollar sales. Of the 20 cents a quart paid by con- 
sumers for a quart bottle of standard milk at stores, 2 cents is retained by 
the storekeeper and 18 cents goes to the milk dealer. His operating costs 
total about 5.6 cents, including 2.4 cents for deliveiy service. Under pres- 
ent conditions his net profit after all taxes is no more than 0.2 cent a 
quart, or 1 cent per dollar of sales. C.J.B. 

SANITATION AND CLEANSING- ■ 

147. A comparison of the cleaning of square and round milk bottles 

under regular commercial conditions. T. Y. Armstrong and L, 

H. Burgwald. Ohio State Univ. Am. -Milk Kev., 8, 1 : 34-37. 
1946. 

Washed bottles were obtained from 7 different makes of washers in 9 
different plants during the months from June through Sept., 1945. Some 
of the washers were able to accommodate the square bottle without any 
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change, while others had to tiiidergo adjustments. The dirty bottles used 
Avere the regular mu of bottles as returned to the plant or brought from an- 
other plant- The procedures used in making the counts A¥ere those outlined 
in the Eighth Edition of “Standard Methods for the Examination of Dair^^ 
Products^’. After plating, the bottles ’svere examined under a daylight lamp* 
and the presence of specks or streakiness was noted. The bottles then were* 
filled witli iiiilk a,nd again exainined for specks and streaks. 

Counts in excess of 1,000 per bottle were obtained on 4.3% of the square* 
quart bottles and 7.6% of the round bottles. Specks of dirt were found in 
1.1% of the square bottles and 5.3% of the round bottles. Of 15 different 
lots of one-half pint bottles, counts in excess of 250 per bottle ’obtained, 
on 9.6% of the square bottles and on 8.6% of the round ones. No visible* 
dirt was observed in any of the square bottles of this size, Avhile visible dirt 
w’as obseiwed in S.6% of the round ones. These studies and data sIioav that 
there is no difference in the comniercia] practicability of cleansing and steril- 
izing the retunia})le square milk bottles and the conventional round bottle in 
typical dairy soaker e<piipnient. P.S.L. 

MISCELLANKOUS 

148. Waste saving and disposal. 0. W. >Sonborc 4 and H, J. Steffen,. 

Chicago, 111. Am. Butter Rev., 9 ^ 7 : 40-43. 1947. 

Dairy wastes can be reduced by drip savers on can washers, steaming 
cream cans, pre-rinse of milk cans, electronic liquid level controls on vats, 
accurate temperature control on plate coolers, standby power equipment, 
adequate storage tanks, prevention of leakage, prevention of foaming, .saving 
of buttermilk for livestock feed, and provision of facilities for processing 
skim milk. Some waste from rinsings and wash w^ater is unavoidable. 
When the amount of waste is small, a septic tank may be sufficient as a 
means of disposal. Another elementary treatment is accomplished through 
the use of an aerated equalizing tank. Trickling filters may be used to give 
more complete treatment when necessary. The filters are composed of a 
coarse medium, such as gravel or coke, and the sewage aliow^ed to flow over 
this medium at such a rate as to allow free passage of air. P.S.L. 

149. The training of young men for the dairy industry. R. B. Stoltz, 

Dept, of Dairy TeelinoL, Ohio State Univ. Milk Dealer, 2 : 86- 

90. Dec., 1947. 

Thirts^-five years ago the universities and colleges were not attempting 
to turn out dairy technologists or managers for dairy plants; they were 
training buttermakers, ice cream makers, and other dairymen — who knew^ 
how to produce milk and manufacture it into dairy products. Today the 
attempt is to train executives whose foundation will rest upon chemistry, 



watheniati(^s/ph,^^^ bacteriology and aeeovuiting. The Ohio State cnr- 
rieiibim today does not require students to take agricultural subjects such as 
entomology, farm crops, soils, horticulture and geology. Instead, they are 
required to take applied subjects, such as speech, marketing, advertising and 
salesmanship. 

The author also discusses the training of students after they liave finished 
the university. An employer should take the men when they are available 
and not wait until he needs them. Too much should not be expected of the 
graduates, as they still are boys. The men should be contacted to demon- 
strate management knows they exist, given responsibility, encouraged to 
make progress, given a change of work, shown that management has con- 
fidence ill them, and should be paid what they ai-e worth. C.J.B. 
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BOOK REVIEW 

150. Legal aspects of milk sanitation. James A.. Tobey. 133 pp. $5.00. 

Milk Industry Foundation, Washington, D. C. 1947. 

This is the second edition of a book dealing with the legal responsibilities 
of milk producers and processors and distributors of milk and milk products. 
It is concerned with responsibilities relating to public health rather than 
to price fixing. The sources and nature of laws and regulations relating 
to milk sanitation are described. Many court decisions and opinions are 
cited which show the validity of various laws and regulatioir,s. The book is 
of value as a source of information concerning the extent and limitations 
of responsibilities of handlers of dairy products insofar as these products 
are related to public health. Chapter headings include the following : I. 
Reasons for the Public Control of Milk, II. The Sanitary Regulation of 
Milk by the State, III. Municipal Control of Milk, IV. Licenses and Permits, 
V. Standards for Milk and Milk Products, VI. Inspection, Sanitation 
and Seizure of Milk, VII. Tuberculin Testing and the Health of Dairy 
Cattle, VIII. Pasteurization, IX. Containers for Milk, and X. Liability in 
Connection with Dairy Products. M.P.B. 

BUTTER 

151. Controlling the composition of butter. R. W. Brown. Can. Dairy 

Ice Cream J., part 1, 26, 11: 33. Nov., 1947: part 2, 26, 12- 23' 
Dec., 1947. 

The composition of butter is controlled because it must conform to state 
and federal standards, operating losses must be reduced ’to a minimum, and 
butter must retain its weight and moisture to avoid danger of short weight- 
ing. A knowledge of the factors that affect overrun and overrun control is 
necessary in order to control the composition of butter. Calculations are 
given for overrun, theoretical overrun, composition overrun, chuim overrun. 
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qiialitj' of jfiiavor prodiieed. Generally the. intern of the reaction of the 
individual cultures remained at the same level for ^ days when cnltnres were 
incubated at 20® C. for 20 hr., followed by a lower holding temperature. 

The acetoin and diacetyl formation wtis found to be independent of the 
pH of the starter cnltures. Also, the amount of these compounds formed was 
not iriflueneed by the available oxygen supply. 

Higher incubation temperatures (50-60® C.) increased the prodiiction 
of acetoin and of diacetyl. Keheating of the cidtiires resulted in a more 
distinct aeetoin-diacetyl reaction. Growdli of butter cultures in whole milk 
generally resulted in higher production of acetoin and diacetyl than growdh 
of the same cultures in skim milk. The author states that the aeetoin- 
diacetyl reaction according to Vas Criszar is not suitable for objective 
measiiiTTiients of the quality of favor in butter ciiltures. I.P. 

■ ;.CHEESE 

153. A rapid method for determining extraneous matter in Cheddar 

cheese. E. G. Hood. Can, Dairy lee Cream J., 27^ 1: 19-20, 
..Jan,,' 1948. ' 

A 15-g. sample of Cheddar cheese is placed in a clean Waring Bkndor 
jar of 1,000-nil. capacity, and 200 ml. of 10% sodium citrate solution at a 
temperature of 75 to 80® C. is added. After 2 minutes of disintegration, the 
sample is transfexTed to a fiimiel under suction, using a lintine filter disc. 
The advantages over the older method for removing the extraneous matter 
from Cheddar cheese are: (a) a smaller sample can he used (15 g. compared 
to 227 g.) ; (b) hot citrate solution is used for more rapid disintegration ; 
(c) the sample can be obtained from one cheese plug, preventing damage 
to the cheese; and (d) the method is mueli faster. The test can be carried 
out in 4 minutes, an added incentive for extending the use of the method 
to an educational program or to regulatory control. IIP. 

154. Apparatus for use in the centrifugal separation of serum from 

cheese constituents. G. J. Stre2;ynski. (Assigxied to DeLaval 

Separator Co.) U. S. Patent 2,436,498, Feb, 24 (12 claims). 

Official Gaz. IT. S. Pat. Office, 607, 4 ; 683. 1948. 

The details are given for a continuous type separator bowd wdiich may be 
used for removing serum from a standardized coagulated dairy product, 
thus producing a curd of such moisture content that it may be used for 
cream cheese. , R.AV. 

CHEMISTRY 

155. Lactofiavin-reduktase. (Riboflavin-i^ediictase.) M. E, Schulz. Die 

Milchwissenschaft, .2, 3: 152-lGO, March, 1947. 

The role of riboflavin as an oxidation-reduction indicator in milk and 
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tryptophane in milk, cream and butter. Investie;’ations show that negligible 
quantities of free tryptophane are prcvsent in normal sweet cream and milk. 
The amount of free tryptophane in milk and cream increases with age if 
the products ai'e held under conditions conducive to bacterial and enzyma- 
tic activity. The amount of free tryptophane in butter depends upon the 
free tryptophane content of the original cream. F.J.B. 

160. Residual chlorine in milk after the addition of hypochlorite. F. B. 

MoRiiJLAND, Kansas State Board of Health, Topeka. J, Assoc. Offie. 

Agr. Chemists, 30, 4 : 655. 1947. 

Sodium hypochlorite was added to milk in concentrations ranging from 
1,000 to 5 p.p.m. and the milk allowed to stand at room temperature for 
varying periods of time. At certain intervals, the amount of residual 
chlorine was determined by titration with thiosulfate and by the Rupp 
test (A.O.A.C. Methods of Analysis, 6th ed., 1945, p. 317), Data show that 
the residual chlorine of the milk decreased rapidly. At a chlorine dosage 
of 100 p.p.m. in the milk, the value dropped to zero in about 15 min. How- 
ever, the Rupp test continued positive long after the residual chlorine 
reached zero. The author states that the term available chlorine^’ as used 
in the heading of the table interpreting the reactions to the Rupp test is apt 
to be misleading, since the values given are for the amount of available 
chlorine which is present at the instant of its addition to the milk rather 
than when the Rupp test actually is performed, perhaps much later. Tests 
also were made on milk containing 100 to 5 p‘P.m. available chlorine and 
held in a refrigerator. F.J.B. 


161. Das Fettverderben und seine Bedeutung fur Wirtschaft und Leben. 
(The deterioration of fat and its importance in economy and in 
life.) H. ScHMALFuss. Die Milchwisseusehaft, 2, 8 : 335'-347. Aug. 
1947. 

The review covers 726 publications and patents issued between 1893 
and 1944, dealing with fat deterioration. The author distinguishes between 
5 main types of fat deterioration, namely, tallowiness, peroxide formation, 
hydrolysis, ketone formation and aldehyde formation. T.P. 

162* Biophysical studies of blood plasma proteins. VIII, Separation 
and properties of the gamma globulins of the sera of normal cows. 
E. L. Hess a^d H, F. Deutsoh, Univ. of Wis. J. Am. Chem. Soc., 
70, l:84r-88. 1948, 

The conditions of separation, yield and some physical properties of 
normal bovine serum gamma globulins are reported. The procedure re- 
covers 85% of the gamma globulins, which can be further separated into 
fractions with varying eleetrophoretie mobilities. As a result of this and 



The value of supplementary vitamins for calves raised under artifi- 
cial conditions. A, A, Spielman^ D. B. H. DalrymfiiE^ C. L. Nob- 


previous studies, it is anticipated that practical and economical ethanol 
fractionation methods for the removal of antibody from hyperimmune sera 
soon will be practical. H.J.P, 


FEEDS AND FEEDING 


163, Crystalline pepsin-resistant protein from skeletal muscle, J, 
BourdiiajON, N. Y. State Dept, of Health, Albany. Arch. Biochem., 
16, 1: 61-68. 1948. 

A crystalline protein-like substance characterized by its high resistance 
to peptic hydrolysis was isolated from beef skeletal muscle. It represents 
at least 2% of the total proteins and is different from known fractions of 
muscle. Its physiologic role is unknowm. The pepiomyodn ib pro- 
posed for this substance. A similar fraction has been extracted from 
horse skeletal muscle. H.J.P. 


165, The clinical diagnosis and treatment of breeding unsoundness in 
cows. J. W. CuNKELMAN. J. Am. Yet. Med. Assoc., 112, 852 : 292- 
295. April, 1948. 

Failure in conception is not always the fault of the female. A large 
percentage of diagnosed conception failures- can be treated successfully. 

T.M.L. 

FEEDS AND FEEDING 


CONCENTRATED AND DRY MILK; BY-PRODUCTS 


164. Report on sampling and analysis of condensed buttermilk, Ragnab 
E. Bergman, State Dept, of Agr., St, Paul, Minn. J. Assoc. Offic, 
Agr. Chemists, 4 : 613. 1947. 

The total solids content of a sample of condensed buttermilk was deter- 
mined by drying at 100® C. under vacuum, drying at 100° C. without 
vacuum, drying at 70° C. with vacuum, drying at 70° C, without vacuum, 
and by the toluene distillation method. The average results obtained by 10 
collaborators using the above methods were 27.71, 27.21, 29.59, 29.26, and 
29.98%, respectively. When the same methods were used, but wuth 2 g. of 
recently ignited zinc oxide and 5 ml. of water added, the results obtained 
by the first 4 methods were 28.67, 28.04, 29.19 and 29,22%, respectively ; the 
toluene distillation method was not used with this procedure. The use of 
zinc oxide tended to prevent charring of samples. It was recommended 
that collaborative work on sampling and analysis of condensed buttermilk 
be continued. ^ P.J.B. 
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Am J. Vet. Research, 30 : 


TON, J* K. Loosli, and K. L. Turk. 

26-29. Jan., 1948. 

Results of a large-scale field trial to determine the value of supple- 
mentary vitamins for calves raised under good, fair and poor farm eondi- 
tions of feeding and management are reported. In the first trial, alternate 
calves received daily, from birth to 30 days of age, a tablet of 5,000 I.U. 
of vitamin A, 250 mg. vitamm 0. 1,000 USP units vitamin D, and 100 mg. 
niacin The other calves received a placebo capsule. In experiment 2 the 
dosages of vitamins were increased. The feeding of extra vitamins to new- 
born calves, raised under farm conditions of good, fair and poor feeding 
and •management, did not materially reduce the ineidence or duration of 
scours or result in any apparent improvement in the general appearance 

aiid condition of the calves up to 30 days of age. T.M.L. 


E. 


167. Vitamin A and trace minerals in the diet of dairy cattle. P. 

Newman. Cornell Vet., 58, 1 : 69--78. 

The need for adequate vitamin A in the diets of dairy animals becomes 
more apparent each year. Qne common source of vitamin A deficiency is 
in young calves which have not received enough milk for necessary needs ; 
the other is in cows which are pregnant and need an extra amount of vita.- 
mins above that found in the average ratioii. , \ V 

Cohalt deficiency can be easily corrected by feeding cohalt sulfate in 
salt at a rate of 1 oz. to 100 lb. Over-feeding of this mineral is dangerous. 
No general regions for iron deficiency have been observed. Copper is de- 
ficient in Florida. Several Great Lakes States and a few others, are deficient 
in iodine. Although manganese is needed by dairy cattle, no ekar-cut 
deficiency areas have been observed. Present information does not indicate 
a likelihood of a natural deficiency of boron, zinc or fluorine. Caution 
should be exercised in the supplementing of trace minerals due to the 
lack of information on exact needs. I.M.L. 


ICE CEEAM 


168. Basic ice cream industry stabilizers. C. D. Dahle and W. P. Col- 
UNS, Pa. State College, State College. Ice Cream Field, 50, 6: 24, 
25,26,35. Dee., 1947. 


^Wilt 


With a mix containing 12% fat, 11% serum solids and 15% sugar, a 
perfect texture score was obtained with ice cream having 0.5% gelatin 
150 Bloom, 0.42% gelatin 200 Bloom, and 0,35% gelatin 250 Bloom. The 
pH of gelatin did not affect the results, Dariloid (sodium alginate) was 
found to give a perfect texture in the above mix when 0.275% was used, 
y godium alginate from another source gave comparable results when used 

Hoeust. ..bean (carob ) . is :: 
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as a sole stabilizer because of excessive wheying off of the mix ; 0.25% is 
required for stabilization. Locust bean gum works very well, for ices and 
sherbets and is most important for hot pack cream cheese. 

Dried extract of Irish Moss commonly' is used to prevent sedimentation 
in chocolate milk drinks. As little as 0.08% wull provide for good mix 
stabilization but will give high initial viscosities and contribute to a per- 
manent foam. It commonly is used in mixed proprietary stabilizers. So- 
dium carboxy methyl cellulose, commonly known as CMC or cellulose gum, 
is tasteless and odorless. When used to the extent of 0.15 to 0.18% in ice 
cream mixes, it gives good stabilization and results in low viscosiiy mixes. 
Slight separation may occur in the mix after storage for about 2 weeks at 
35 to 40^^ F. Pectin commonly is used in ic'es and sherbets. It was found 
that 0,15 to 0.25% of 150 grade pectin in ice cream did not properly sta- 
bilize the product, although no separation occurred in the mix, which is 
contrary to previous claims. Ground, psyllium seed husks used to the ex- 
tent of 0.15% gave ice cream with perfect body and texture. Unless a 
coarse mesh strainer was used ahead of the homogenizer, a considerable 
amount of the stabilizer was removed. This stabilizer gives a low viscosity 
mix. Karaya gum long has been used in ices and sherbets and has been 
employed in mixed stabilizers. About 0.35% is required to stabilize an 
ice cream mix, but it was found that the smooth texture was of short dui^a- 
tion. . ■ 

The authors report that all of the stabilizers gave satisfactory overrun 
and that there w^ere not objections to melt down characteristics if the pro- 
per amounts were used. In dipping trials with ice creams stabilized with 
gelatin, Dariloid, CMC and dried extract of Irish Moss, there -was no dif- 
ferenee in the amount of ice cream dipped from a 2,5-gallon can when the 
ice cream was tempex^ed to 6“ F. W.G.C. 

169* Outlook for cream and milk solids in 1948. J. M. Pundeeson, 
Rochester Dairy Coop., Roehestei^, Minn, Ice Cream Rev., 31, 6 : 
52,71. Jan., 1948. 

Plenty of butterfat and milk solids for the manufacture of ice cream 
will be available in 1948, but the price for these products is not expected 
to drop as low as it did in 1947. Strong domestic consumer demand for 
fluid milk and cream, export demand, low carry-over stocks of dairy pro- 
ducts, and unfavorable milk production trends are cited as the reasons for 
believing that neither butterfat nor milk solids will show any significant 
price decline during 1948. W.J.C. 

170. Ice cream mix. A. Leviton. (Dedicated to the people of the U.S.) 
U. S. Patent 2,433,850, Jan. 6, 1948 (4 claims). Official Gaz. U. S. 
Pat. Office, 606 , 1 : 74. 1948. . , „ ; 

It is claimed that in an ice cream, which is subject to sandiness, the 
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addition of 3.5 mg. of riboflavin per 100 g. of water Avill eanse the lactose 
to er3!^stallize in thin trapezoidal plates, a form which does not produce 
tl)e .suggestion of sandiness in the mouth. Other dairy products, such as 
sweetened condensed milk, also may he made free of lactose graininess 
through the addition of riboflavin. B.W. 

17L Controlling labor costs in retail outlets. Anonymous. Ice Cream 
Eev., 31, 6 : 42r44, 110. Jan., 1948. 

A practical procedure which has been used successfully by one coinpany 
to meet the challenge of increasing labor costs in the operation of retail 
stores is presented. Detennination of sale.s by hours is accomplished by 
hourly cheeks of the cash register for a week every month for each stoe 
with an operating staff of 5 or niore persons. The per cent of gross sales 
can be allowed for labor cost and thus the total amount of money which can 
be spent daily for labor is determined. This in turn may be figured on the 
basis of sales per man hour as a labor efficiency guide. 

The next step is to determine how the daily man hours should be dis- 
tributed by hours of the day to provide adequate help for all phases of 
store opei'ation.. Once this has been established the next job is to work out 
the labor shifts so the pro)?er number of employees will be present when 
needed. Help for part-time shifts usually can be provided by ladies in the 
neighborhood who desire part-time employment. 

The final step is to prepare a master list of shifts which describes each 
shift in terms of duties and numbers of hours of daily work. The master 
list of employee shifts provides a convenient simple method for telling old 
and new employees what days they work, the hours they are on duty and 
when they will have their days off. 

The charts accompanying this article should prove valuable to any 
manager of a retail store who wishes to analyze the labor setup for his par- 
ticular store or group of stores. It is reported that one firm operating 50 
fountains in San Francisco was able to reduce store operating hours from 
two shifts to one in approximately 50% of its locations because of exces- 
sive labor costs during lean hours of the day. W. J.G, 

172, Billboard advertising. Anonymous. Ice Cream Rev., 31^ 6: 45. 
Jan., 1948. 

Membei's of the International Association of Ice Cream Manufacturers 
now may obtain at cost from their association billboard posters for use in an 
outdoor advertising program to supplement their regular advertising activi- 
ties. These posters are attractive in design and feature top-notch pro- 
motional ideas to stimulate ice cream sales. A place for the imprint of 
the individual firm is provided so the billboard becomes an effective promo- 
tional activity of the firm making use of this service. W, J.C. 


MILK 
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173. Program for improving milk quality, E. M. Barker^ Eocliester 

DairieSy Rochesterj Minn. Milk Dealer, ,^5^, 4: 102-112. Jan., 
: '1948. ■ ■ . ' ^ : 

The following broad fundamental or basic principles are listed as essen- 
tial in a successful quality improvement program : (a) The management 

of a parti eiilar dairy enterprise must be sold on the merits of an improve- 
ment program and willing to allocate a substantial sum of money each 
year over a period of years for its promotion. This naturally involve>s the 
development and continued utilization of markets wdiich will pay for 
quality products, (b) Through such a program economic benefits must 
accrue over the years to the participating prodiieers. (c) The establish- 
ment of differentials and incentives is necessary, based on grades which 
will accomplish the specific objectives desired. Milk qiiality will improve 
more rapidly and will be maintained at a desired level, (d) The recogni- 
tion that mere regulation wall not perform the rightful task of the partic- 
ular institution and producer is essential. Both management and jjrodu- 
eers must not fail to recognize that together they must develop and 
maintain a satisfactory program. 

In addition, all producers must use the methods and equipment neces- 
sary to continuously supply high quality milk. The milk from such pro- 
ducers must be uniformly and regularly graded according to rigid, pre- 
scribed standards. All information pertaining to the milk supply of the 
producer must be passed on as rapidly as possible to him. A field force, 
properly directed and made up of well-trained, practical-minded men, is 
necessary. Platform testing under the supervision of trained intake men 
is a continuous task. Cans and can washers must be maintained in a satis- 
factory and sanitary condition. A constant program of education and ser- 
vice to producers must be in effect at all times. C.eJ.B, 

174. More economical system of homogenizing milk. J. V. Quigley, 

Chapman Dairy Go., Kansas City, Mo., and W. A. Cordes, Sealtest, 
Inc., New York, N. Y. Mil\ Dealer, 37, 4: 41, 42, 116-124. Jan., 
1948. 

A new process of homogenizing milk, in which milk is separated and 
only the cream homogenized, is revealed. The cream going to the homo- 
genizer has a fat content of 8 to 9%. Trials have indicated that satisfac- 
tory results will be obtained when the test of the cream does not exceed 
13.0%. This process, used with a short-time, high-temperature pasteur- 
izing unit in a closed system, has been in successful commercial operation 
since Peb., 1945. It has reduced the time of operation of the plant on 
homogenized milk to about one-third of the time required for the homo- 
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geaization of whole milk, thus resulting in economies involving po^ver, 
steam, light, refrigeration and labor. Homogenized milk produced by the 
new process has been demonstrated to be a satisfactory product as judged 
by top and bottom test differentials, curd tension, inieroscopie appearance 
and sedimentation due to leucocytes. C.J.B. 

175. Delivery problems relating to the single service container. D. 

Dean, Deanes Dairy, Champaign, 111. Milk Dealer, 37 ^ 4: 46, 100. 

Jan., 1948. 

The delivery problems relating to the single service container are divided 
into the two distinct categories of long distance hauling and local whole- ’ 
sale and retail delivery. The company has found that the larger unit^s of 
the tractor trailer type are the most practical for long distance hauling. 
Smaller units, or so-called ‘‘straight jobs^^ designed to carry 5 tons or less, 
are too small for a long haul, resulting in overloading of the motor, tires, 
etc., and the possibility of running afoul of the existing local and state 
highway regulations. Smaller trucks also are economically^ unsound .be- 
cause the pay load is not large enough to cover the cost of a union driver 
whose wages are governed by a union scale covering the larger inter-state 
trucking companies. In local delivery the type of truck required is essen- 
tially the same as that used in delivering milk in glass bottles. It is pos- 
sible to haul a much greater pay load on ’a local wholesale or retail truck 
when single service containers are used. Elaborate plans for refrigera- 
tion are not necessary, although ice may be used as a precaution in . ex- 
tremely hot weather. Trucks >should be insulated as much as possible, with 
partitions back of the driver. C.J.B. 

176. How to lose money in the milk business. C. F. Rosebbuoh. Can. 

Dairy Ice Cream J., 27 , 1: 34-42. Jan., 1948. 

The tangible ways to lose money in the milk business are through pro- 
cessing and bottled goods shrinkages, ticket and bottle discrepancies, and 
credit losses. The intangible losses include price cutting, waste plant 
capacity, waste vehicle capacity, waste manpower capacity, lack of organi- 


178. Portable milk pasteurizing apparatus. E. P. Mangold. (One lialf 

assigned to H. P. Cbapman.) U. S. Patent 2,436,585, Feb. 24, 1948 

(8 claims). Official Gaz. TJ. S. Pat. Office, 607, 4: 704. 1948. 

An ordinary 10-gallon can of milk is placed on a platform in a port- 
able container, A pump operated by a motor circulates water from the 
bottom of the container through a heater and sprays it around the neck 
of the milk can. The same motor operates a small propeller which keeps 
the milk agitated. E.W. 

179. Fiberboard cream separating milk container. C. E. Deardoefp. 

(Assigned to C. E. Deardorff, Inc.) II. 8. Patent 2,436,140, Feb. 

17, 1948 (6 claims). Official Gaz. U. S. Pat. Office, 607, 3 : 494. 

/ 1948. ' 

' <9 ■ . 

A paper milk bottle is described which contains a horizontal parti- 
tion at about the place where the cream line forms. As the milk creams in 
the container, the cream collects in the upper compartment, from which 
it may be removed by pouring. During the pouring process the .skim 
milk is retained in the lower section as the result of the V-shaped edge of 
one side of the dividing partition. R-W. 

180. Separator. K. S. Weislev. IJ. S. Patent 2,436,029, Feb. 17, 1948 

(2 claims). Official Gaz. U. S. Pat. Office, 6(97, 3: 467. 1948. 

A V-shaped tubular siphon-type separator for removing cream from 
bottles of creamed milk has for its chief novel feature a telescopic arrange- 
ment which permits adjusting the opening to any desired level within the 
bottle. ^ ^ ^ ^ ^ 

lai. Milk bottle cap. H. W. Budan. G. S. Patent 2,434,787, Jan. 20, 

1948 (2 claims). Official Gaz. U. S. Pat Office, 606, 3 ; 476. 1948. 

A cap or closure for glass milk bottles is described which is designed to 
be used by the consumer from the time the milk bottle is opened until its 
contents is finally consumed. It may be made of metal or other material 
sufficiently stiff, yet elastic, that it will lock itself to the top of the bottle 
by a skirt or projections provided for the purpose. An integral part of 
the device is a hook which easily and cleanly removes the customarj’’ paper 
board disc cap used to close glass milk bottles. R-W. 
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BOOK REVIEW 


182. Industry builder. The biography of Chester Earl Gray. Robert 
E. Jones, 233 pp. Pacific Books, P. 0. Box 558, Palo Alto, Calif. 

This work is a history of the Dry Milk Institute as well as an interest- 
ing biography of the life of Chester Bar! Cray, giving his family back- 
ground and portraying the American way of life. In it are listed most 
of the names of men who have contributed toward the progress of the 
dairy industry, particularly in the dry milk branch, during the past 
generation. Anyone interested in the progress of the dairy industry 
should have a copy of this work. • R.B.S. 


BACTERIOLOGY 


183. A study of variablity in duplicate standard plate counts as applied 
to milk. J. L. Courtney, Milk and Water Laboratory, Oak Ridge 
Department of Health, Oak Ridge, Term. Milk Plant Monthly, 
22-*24:,'27--28, 30.- 1947.' ; ' V A 

A standard plate count may be duplicated by the Banie laboratory with 
an average variation of less than 20%. Some variations are surprisingly 
small. Milk samples were plated experimentally by each of 4 methods. 
The human error often extends the actual variation in plate counts greatly 
beyond their proper proportions, while the result seemingly is the normal 
variation of the method employed. Conseiousness of the abiise of the 
standard plating procedure and a definite effort to improve the technic 
employed will make the standard plate count a more valuable tool in con- 
trol programs. G.M.T. 


184. 


Improved techniques for the microscopic analysis of milk. G. H. 
Watrous, Jr., Pa. State Coll. Milk Plant Monthly, 36 , 10: 42-43. 
1947. 


Details are given for the strip-counting technique for the microscopic 
analysis of milk, as well as for suggested stain and staining techniques. 
The authors find that less variability between operators and less fatigue 
on the part of technicians examining large numbers of samples result when 
prescribed procedures are used. G.M.T. 
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188. Butter defects — their causes and prevention. V. J. Bbimblegombe. 
Australian J. Dairy Teehnol, 3^ 1 : 86-39. 1948. 

The causes and remedies of a large number of defects are given in 
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185. Psychrophiies, mesophiles, thermophiles, and thermodurics— what 
are we talking about? J. C. Oi»son“, Jr., Univ. of Minn, Milk 
PlaiU Monthly, .9^, 11 : 32-^^^ 

Mesopliiiie, thermophilie, tiierniodurie and psycliropliilie bacteria are 


terms used for moderate heat-loving, lieat-ioving, heat-enduring and cold- 


loving groups of bacteria, respectively. There are no well-defined temper- 
ature jzones for each of these classes of bacteria. Bach group may present 
a special problem and many require a different method of control. Sixteen 
refere.nce>s are cited. G.M.T. 


186, The significance of certain bacteria in pasteurized milk, M. L. Speck, 
N. C, State ColL, Raleigh, N. 0. Milk Plant Monthly, 2 : 36-38, 
43. 1948. 

Bacteria which have significance regarding sanitary practices einployed 
during the processing of pasteurized milk are, mainly, thermodurie 
micrococci, thermophilic bacteria, eoliform bacteria, and microbaeteria. The 
occurrence of any group in large numbers in milk should be interpreted as 
a warning that more serious trouble in the form of milk-borne diseases or 
loss of consumers from the sale of unpalatable milk may result if immediate 
steps are not taken to correct the faulty practices which permit them to 
be present. G.M.T; 


187, The action of penicillin in-vitro on organisms found in bovine mas- 
titis. H. P. Parrag, j. Am. Vet. Med. Assoc., 854 ; 371-374. 
May, 1948. 

A number of organisms commonly found in milk were incubated with cul- 
tures containing various eoneentrations of penicillin. Micrococci were found 
to be highly sensitive to penicillin action and were fairly uniform in 
susceptibility. Different strains of Streptococcus agalactiae varied signifi- 
cantly in susceptibility to penicillin, while strains of Staphylococcus aureus^ 
isolated from the same source, were much more uniform in sensitivity. In 
one ease of streptococcic mastitis milk which was heavily contaminated 
with Escherichia col% 50% of the penicillin was destroyed when incubated 
with the milk filtrate for 3 hr. It is suggested that the action of the 
enzyme, penicillinase (thought to be produced by Escherichia coU)j may 
explain some of the variable results from treatment with penicillin. 

T.M.L. 

BUTTER 
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brief form iix this resume of an address. Flavor and aroma defects, body 
and texture defects and color defects are included. F.B.N, 

■/ , . , ’■ '.CHEESE 

189 * Making Gouda cheese in Queensland. W. J. Park, Anstraliaii J. 
Dairy TeelinoL, 3, h 34~-36, 1948. 

In, this abstract of an address, quite complete directions for the 
manufacture of Gouda cheese are given and the causes of defects and the 
means of prevention also are discussed. Of particular interest is the pro- 
cedure for salting the curd before hooping. A- report of the discussion 
of the address is included. P.B.N. 


CHEMISTRY : . 

190. On the Babcock test for fat in dairy products. L. E, Sgharp, B. I. 

Shew, G. Loptus Hiuls, E. Trembath, and H. E. Webb. Australian 
f J. Dairy TeehnoL, 3, 1 : 15-*23. 1948. 

This is a report of a sub-committee of the Victorian Division of the 
Society of Dairy Technology. The specifications on apparatus and methods 
given in British Standards Institute Pub, 755, parts I and II, were pre- 
ferred to the A.O.A.C. methods. The 8% bottle rather than the 10% one | 

was preferred, with the accuracy of calibration within -f- 0.05%. The BSI | 

standards for pipette calibration and operation were favored; tlie top of I 

the meniscus should be used for measuring the milk sample. Si)ecific I 

gravity of the acid should be standardized to-!' 0.002 instead of the + 0.005 | 

commonly used. Addition of acid in one lot was approved. The A.O.A.C. | 

spceihcations for tester speed and temperature were preferred. Standard- I 

^ ized lighting for reading tests is advocated. The average reading of the | 

I Babcock test was considered 0.04% higher than by the Kose-Gottlieb ether | 

I extraction method. Reducing the quantity of milk delivered by the pipette 

I to 17.82 g. -was the procedure preferred for correcting this difference ; read- 

j ing all milk tests to the nearest 0.1% below the actual reading was the 

' correction of choice until a change in pipette specifleatious was adopted I 

: universally. Brief recommendations for testing cream also are given. \ 

I , '' v : 


191. Configuration of vaccenic acid. P. C. Eao and B. F. Daubert. Dept, 
of Chem,, Univ. of Pittsburgh. J. Am. Chem. Boe,, 70^ 3 : 1102-1104, 
March, 1948, 

The infrared pattern of vaccenic acid (isolated from beef tallow accord- 
ing to Bertram) was compared with oleic acid and elaidie acid; the hwis 
configuration of vaccenic acid is confirmed. H.J.P. 
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192. Studies on lactoglobulins. J. A. Bain and H. F. Deutsch. Dept, 
of Gliem. & Physical Chem., Univ. of Wisconsin. Arch. Bioeheni., 
fd, 2 : 221-229. Feb., 1948. 

Fractionation procedures of both bovine and goat lactoglobulins by 
means of alcohol precipitation methods (Cohn) are described. If ctoglo- 
bulins showing one peak upon electrophoresis at a given pH were obtained. 
More than one component, however, was revealed when pH mobility curves 
were determined. On sedimentation analysis, both preparations showed 
one component, but only the bovine laetoglobulin appeared to be moleeu- 
iariy homogexxecms. 

193 The thermodynamics of metallo-protein combinations. Copper with 

bovine serum albumin. I. M. Klote and H. G. Cueme. Chem. 
Lab., Northwestern Univ., Evanston, 111. J. Am. Chem. Soc., 70, 
3 ; 939-943. March, 1948. 

The extent of binding of cupric ions by bovine serum albumin was meas- 
ured by the equilibrium dialysis technique at pH 4.8 and 0 and 2.i C. 
Free energies, entropies and enthalpies have been calculated for the multi- 
ple equilibria iiivolved. The cation-protein linkage iS through the carboxyl 
group ; a stable complex can be f ormed when the carboxyl group is in 
miUamn with other substituents or residues. H.J.F. 


194* The binding of some sulfonamides by bovine serum niDumm. x. xu. 
Klotz AND F. M. AValker, Chemical Laboratory, Northwestern 
Univ., Evanston, 111. J. Am. Chem. Soc., 70, 3’: 943-946. March, 
1948. 

The formation of complexes between 6 sulfonamides and crystallized 
bovine serum albumin was investigated. The energy of binding data has 
been correlated with structural features of the drugs. H.J.P. 

195. Ionic exchangers in the dairy industry. 0. P. Garrett, M and E 
Dietio Laboratories, Ine., Columbus, Ohio. Milk Dealer, 37, 6 : 50, 
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CONCENTRATED AND DRY MILK ; By-PEODUCTS 


The following applications of this new basic pro cess to dairy products 
are outlined : The preparation of soft curd milk ; the preparation of soluble 
sodium caseinate; the treatment of wheys, whereby essentially 100% of the 
lactose present in the original wdiey is recovered; the preparation of dried 
cream products containing from 50 to 70% butterfat which rec<5nstitut0 
well in water, are perfectly stable in hot coffee, and do not curdle when 
used with acid fruits or in making creamed soups; and the stabilization of 
evaporated milk. C.J.B. 


OONCBNTEATED AND DEY MILK; Bl-PRODIJCTS 


196 . Milk and milk products in bread making. E. Davidson. Australian 
J. Dairy TechnoL, ^ 1948. 

The addition of lard or a similar fat at the time ordinary skim milk 
powder is added to the dough mix or the use of a milk powEer containing 
the fat which was emulsified into the milk before drying is reported to over- 
come the volume defects associated with the use of 6% milk powder in bread. 
This amount of powder is considered necessary to increase properly the 
nutritive value of bread. In addition to the resume of the address, a report 
of the discussion which followed also is given. F.B.N. 


197. Aeration of butterfat containing liquids. C. A. Gete. (Assigned 
to Aeration Processes, Iiie.) IJ. S. Patent 2,435,682, Feb. 10, 1948 
(6 cdaims). Official Gaz. U. S. Pat Office, 607, 2 : 280. 1948, 

Whipped cream is pi’oduced by aerating the cream in a variety of wa^’^s 
with nitrous oxide gas, with or without such other gases as cyclopropane, 
dimethyl oxide, methyl chloride or diflourdichlormethane. It is claimed 
these gases permit the use of cream eontaining 30% fat or lower, the use 
of homogenized cream and unaged cream. The whipped cream exhibits no 
clumping of fat globules, the serum drainage is inininiized and bacterial 
growth inhibited. R.W. 


198. Factors to consider in making high quality chocolate milk drinks. 

W. C. Thacker, Farmers’ Cooperative Dairy, AVinston-Salem, N. C. 

Milk Plant Monthly, 36 , 1 : 30-32. 1948. 

Six desirable charaeteristles of chocolate milk are: (a) Use of high 
quality milk or part-skimmed milk, (b) iniid chocolate flavor, (c) little or 
no sedimentation accompanied by low viscosity, (d) elimination of ragged, 
off-colored cream layer, (e) light to medium red color, and (f) medium to 
high sw^eetness. The amount of chocolate used in chocolate milk ranges from 
1 to 1,5% of the finished product. When liquid chocolate is used, the amount 
ranges from 1.50 to 2.25%. Sedimentation is minimized by eliminating in- 


A78 ABSTRACTS OP LITERATURE 

soluble pailieles, in^^ iineiiess of grinding^ increasing tbe viscosity of 

the product, and decreasing the difference in density between the suspended 
particle and the suspending medium. Homogenization does not prevent 
settling of cocoa in chocolate milk. Stabilizers vary in their ability to prevent 
sedimentation. Creaming can be prevented by pasteurizing the milk at 160- 
165 F. for 15-30 min. A 5% sugar is suggested, while an 8% sugar is 
about the maximum sweetness tolerated. Production abuses often arise 
when processors do not follow the specific directions accompanying chocolate 
.sirups. G.M.T. 

199. Evaluation of procedures for the manufacture of cottage cheese. 

W. I. Tretsven, Dairy Advisory Service, Chicago, 111. Milk Plant 

Monthly, 36 , 11 : 28-30, 70, 72. 1948. 

Mucdi of the cottage cheese today is made from pasteurized skim. milk. 
The previous heat treatment given the skim milk may determine the amount 
of heat required to cook the curds. Among the known factors which, affect 
the amount of heat required to cook cottage cheese are the acidity of the 
curd and whey, the concentration of the curd-forming constituents, the size 
of the curds, the amount of agitation, the types of acids present and the 
presence of gas. Some commercial practices involve gas formation, which 
heretofore has been discriminated against. Under certain i>reseribed con- 
ditions gassy curds may be cooked economically and the curds firmed rather 
quickly. G.M.T. 

200. The manufacture of cottage cheese. A. A. Schogk. S. Dak. State 

Coll Milk Plant Monthly, 5^, 10 : 82-86. 1947. 

The manufacture of cottage cheese involves : (a) pasteurizing the milk at 
143^ P. for 30 min. ; (b) setting the milk at 86° P. by adding 5 lb, of starter 
for 100 lb. of milk and the addition of 1 ml of rennet per 1,000 lb. of skim 
milk, plus 2 oz. of 50% calcium chloride per 1,000 Ib. of skim milk if forma- 
tion of desirable eoagulum shows this addition necessary; (e) cutting the 
curd at a whey acidity between 0.45 and 0.55% ; (d) cooking the curd slowly 
to a temperature yielding a desired firmness of curd; (e) draining and 
washing the curd with cold water within a 0.5-hr. period ; and (f ) creaming 
so that the fat content is approximately 4% and salting at the rate of 1 to 
1.5 lb. per 100 lb. of cottage cheese. The defects in cottage cheese manu- 
facture are slow setting, tough and rubbery ctird, and soft and pasty curd. 
Eemedies are suggested for these defects. G.M.T. 

201. Preparation of kefir fermented milk. L. A. Burkey, Bureau of 

Dairying, U. S. Dept, of Agr. Milk Plant Monthly, 37 , 1 : 48-49. 
1948. 

V : x J. '. Kefi fermented milks are acid milks which have been fermented by 
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means of kefir grains. These may be obtained in dry foian fimi tiie Ameri- 
can Type Culture Collection, 2029 M Street, N.W., Wa^^^ D. C. 

The kefir grains may be perpetuated by transferring them every 2 or 3 days 
into a new supply of skim or whole milk by rinsing them in clean cold 
runnning water before transfer. The kefir milk may be prepared by heating 
the milk to 165*^ F., cooling to 70° F., >siispending the kefir grains at the 
rate of 1 part to 3 parts of milk and ineubating at 70° F. Large quantities 
of Ivefir buttermilk may be obtained by suspending the kefir grains in eheese- 
clotli bags at the surfa( 3 e of the milk. 'When snffieient acidity (about 1 %) 
has been developed, the grains may he removed and the milk agitated to 
produce uniform snioothness, then cooled and bottled. G.M.T. 

202. The manufacture of cultured buttermilk. A. A. Schock, S. Dak, 

state Coll. Milk Plant Monthly, 10 : 48~-50, 52, 54. 1947. 

See Abs, 120, J, Dairy Sci., 31, 4 ; A46. April, 1948. 

FOOD VALUE OF DAIRY PRODITCTS 

203. Studies on the comparative nutritive value of fats. X. On the 

reputed growth-promoting activity of vaccenic acid. H. J. Deuel, 
Jr., S. M. Greenberg, Evelyn E. Straub, Dorothy Jue, C. M. Good- 
ing, and C. F, Brown. Dept, of Biochemistry and Nutrition, Univ, 
of Southern Calif., Los Angeles, and Bayonne Laboratory, The Best 
Foods, Ine. J, Nutrition, ,9^, 3 . V 301^^^ March, 1948. 

When the diet of rats contained either cottonseed oil or butterfat, no 
difference ill rate of growth was found. When the diet contained rape-seed 
oil, growth was less. Decreased efficiency of xitilmat ion of the rape-seed oil 
was attributed to its high content of eraeic acid. Vaccenic acid or hydro- 
genated China wood oil fed to the rats on the rape-seed oil diet did not 
increase growth, nor did vaccenic acid fed to rats receiving the cottonseed oil 
diet. R.KW. 

204. Evaluation of vanilla. J. Merory. Ice Cream Rev., 8 : 54, 56, 60, 

62, March, 1948. 

Manufacturers and chemical users of vanilla flavor must learn to use 
their senses of smell and taste in the evaluation of vanilla. Results of labora- 
tory analysis are of value in protecting the consumer against fraud, but 
they do not in themselves indicate the quality of vanilla flavor. Basie 
factors which determine the quality of vanilla flavor include quality of 
vanilla bean used, care given the bean before and after extraction, method 
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of extraction, quality of menstfiim, procedure for blending and aging of 
the raniila extracts, and type of container used during aging. 

Vanilla flavor is obtained by extraction only, and not more than a 4-fold 
concentration of vanilla is possible by extraction. Distillation is to be 
avoided, since vanilla flavor is difficult to evaporate and the process tends 
to destroy the fragrance of the aromatic compounds of the vanilla beans. 

Manufacturers of vanilla extracts should insist that in the purchase of 
vanilla beans the complete nomenclature of origin, grade, size, date of cure, 
and moisture content be shown on the label of the container in which they are 
packed. The chemical reaction which produces vanillin and other aromatic 
compounds in the bean continues as long as the moisture content remains 
unchanged. Storage of beans, therefore, under suitable conditions for a 
prolonged period of time prior to extraction is deemed advisable. 

Typical analytical values are given for vanillin, total ash, lead number, 
alkalinity of total ash, soluble ash, color and resin of vanilla extracts, and 
applications of these values are discussed. W.J.C. 


205. Average butterfat content in ice cream 12% during 1947. Anon- 
ymous. Ice Cream Trade March, 1948. 

The average butterfat content of ice cream in 1947 was 12% compared 
to 10.3-10.6 during 1944 and 1945, when government controls were in effect. 
This figure is considerably above the minimum butterfat requirement in 
many states. Five states have an 8% minimum, 23 states a lQ%minimum, 
14 states a 12% minimum, 1 state a 13% minimum, 4 st^^^ 14% mini- 
mum, and one state has no standard. W.H.M. 
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206. High temperature-short time pasteurization of ice cream mix. C. 
M. Minthoen, Chester Dairy KSupply Co., Chester, Pa. Milk Plant 
Monthly, S7, 2 70-73. 1948. Also Ice Cream Eev., 31, 8 : 45, 97, 
98, 100. 1948 

Ice cream mix may be pasteurized successfully by high temperature- 
short time pasteurization. Usually a higher temperature than the standard 
160® P. for 15 seconds is employed. The temperature recommended is 176® 
P, for 22 seconds. The author concludes: (a) lee cream mix can be 
heated without burn-on continuously for long periods of time, (b) Heat- 
ing of ice cream mix containing frozen fat from storage temperature to 
125® P. in less than 1 min. prevents oxidation of the fat (c) High tem- 
perature-short time pasteurization decreases the amount of equipment, with 
a saving of time and labor, (d) When mix is prepared in a condensing 
pan^ high preheating temperatures can be used for increased efficiency of 
Ihe condensing, equipment and, even mofe important, for stabilizing milk 
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207. ControlHng processing operations.^ J. C; NeSmith, Southern Dairies, 

Inc. Ice Cream Rev., 31 ^ 1 : 54, 56. Feb., 1948. 

In the control of labor costs in the ice cream plant, 4 factors of major 
importance are disenssed. (a) New employees should be advised in writing 
of all company rules and policies so there will be no chance for misunder- 
standings developing at a later date. It is suggested that the company in 
turn should keep a permanent and complete file on each employee, (b) A 
weekly work schedule setting forth the kind and amount of each product 
to be mannfactured should be planned in advance. In addition, a daily 
work schedule should be prepared which will show the hours each employee 
is to be on duty and what the nature of his diities will be. (c) Overtime 
pay should be eliminated. To accomplish this, have employees dress for 
work before punching the time clock ; allow a staggered 15-min. rest period 
each morning and afternoon; have the timekeeper check all pay cards a 
day or two befoi^e the close of each week’s operation to determine if time is 
in line with the normal -work week— if not, an adjustment in work schedule 
may be necessary, (d) Records should be kept so that the actual labor cost 
on each and every product may be determined. The detailed information 
for such records can best be obtained by the department foremen who, in 
turn, will give the information over to the accounting department. The 
accounting department will then be able to supply the management with 
accurate labor-cost figures on each item manufactured. W.J.C. 

208. Full utilization of the plant laboratory. H. Mo Bowman 

Dairy Co., Ghicago, 111. Ice Cream Trade J., 3: 56, 89-93. 

March, 1948. 

Most ice cream manufacturers recognize the need for a laboratory but 
fail to utilize one properly. Considerable time can be saved by deciding 
what information is desired and necessary. Decisions on how samples 
should be taken, who should take them and how they should be cai’ed for 
are just as important as deciding what samples should be taken. 

The effectiveness of the laboratory often is lost beeause of lack of author- . 
ity or failure to exercise its authority to follow through and take steps to 
px'event the recurrence of faulty practices. The laboratory should be used not 
only to check dairy ingredients, but its activities should be expanded to in- 
clude examination of non-dairy ingredients and, in some instances, paints, 
fuels and other materials purchased. Developmental research on modifica- 
tion of the product can be handled with the control program. The labora- 
tory can be used to give some technical training to new employees. It also 
can be used as a part of a public relations program. W.H.M, 

209. Shrinkage. H, A. Bendixen, State College of Washington, Pullman. 

- Ice Cream Trade J., 44 , 2 : 46, 47, 90-^94. Feb., 1948. 

; The following precautions are suggested for guarding against shrinkage: 
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(a) Avoid freezing the iee ereani too stiff in the continuous freezer, since 
under such conditions the air in the iee cream might be present under con- 
siderable pressure, (b) Avoid extreme temperature changes or heat shock- 
ing of the ice cream, especially if a high overrun is obtained. If iee cream is 
Iiardened with dry iee or in very iowdemperature freezing tunnels, do not 
change the ice cream suddenly to high temperatures. A more gradual change 
is preferable, (e) Use high-quality, low-acid dairy products to prevent 
destabilization of tlie proteins, (d) Avoid an excessively high sugar con- 
tent- and especially a high dextrose content, whieii would increase the 
fluidity of the ice cream at aiiy given temperature of storage, (e) Avoid 
the use of unparaffined cartons or cans, hanging of the packages, and 
excessive air circuiation directly over the iee cream in the storage room. 

. ' W.H.M. 

210. Present status of ice cream shrinkage, J. A. Lebdeb, Ramsey Lab- 
oratories, Cleveland, Ohio, Ice Cream Rev., .^1, 8: 152. March, 
1948. 

Suitable temperature control of ice cream during freezing, hardening 
and storage is regarded as the most important factor involved in the 
shrinkage problem. The following recommendations are made with respect 
to temperature control as a means of guarding against shrinkage: Avoid 
freezing iee cream excessively stiff and dry at the freezer. Maintain ice 
cream hardening rooms at -10 to -20" P., with distributing branches at 
- 5" P. Avoid temperatures below - 20" P. Maintain uniform temperatures 
in all hardening and storage rooms. Do not load trucks with insufficiently 
hardened iee cream/ Ti^ansport tnieks should be maintained at below 0" P. 
and retail trucks at -2 to +4" P. Avoid exposure of iee cream to dry iee 
in trucks or in cabinets, 'Maintain retail cabinets at - 15" P, or below. 

Other factors mentioned which may cause shrinkage or produce iee 
cream susceptible to shrinkage are: Use of sweetened condensed milks; use 
of excessive amounts of dextrose or other sweeteners which contain a high 
mineral content or which are high in acidity ; use of stabilizers containing 
an emulsifier such as polyhydric alcohol ester or the use of egg yolk; high 
overrun; incorporation of air pockets into cans or containers as they are 
filled; use of paper containers which are not properly paraffined on the 
inside surface. 'W.J.C. 




211, The retail store, past — ^present — ^future. Part 2. D. Ghormlby, 
Ice Cream Trade J., 44 , 3 : 46-48, 93-96. March, 1948. 

The development of the retail store from 1935 to 1942 is discussed. Ex- 
penses, merchandising, standardization of products and location are among 
the factors important for successfnl operation. 'W.H.M. 
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212. Sherbets, the status of. Anonymous. lee Cream Trade J., 44^ 3 ; 

50, 101-102. March, 1948. 

The production of 12,520,000 gallons of sherbet in 1947 was down 18% 
from 1946 and 81% below the record 1945 production according to statistics 
issued by the TJ.S.D.A. The volunie of sherbets made in 1947 was still 
50% greater than that of the last pre-war year, 1941. It appears that sherbets 
have r%urned to the minor status that they occupied during the pre-war 
years in the over-all industry picture. W.H.M. 

213. The new cabinet look. Anonymous. lee Cream Field, dl, 1 : 30, 32, 

'.34.' Jan.,T948. 

The merchandising program of Sealtest, National Daily Products Corp., 
New York, built around the ^‘lee Cream MarC’ is described. The mart 
consists of an S-hole ice cream eabinet, enhanced by a front of baked enamel 
and a counter of stainless steel. Provision is made for display of attractive 
advertising material. Ten points are listed upon which the merchandising 
program is based. Ice cream is an impulse-buying item; the mart is for the 
exciusive sale of ice cream; strict cleanliness should be observed in the 
use of the mart, Since April, 1947, about 4,000 sales marts have been in- 
stalled by Sealtest dealers in principal towns and cities of 33 states. 

W.C.C. 

214. The efficient use of cabinet and truck space. L. C. Anderson, 

General lee Cream Corp., Schenectady, N. Y. Tee Cream Trade J., 
id, 1 r 42-43, 68-70. Jam, 1948. 

The problern^of how mueh cabinet space to furnish, how many deliveries 
to make, and the size of the trucks which need be used is one that cannot be 
made the Isubject of some mathematical formulae but must be studied from 
the standpoint of individual markets and individual customers within such 
markets. A study should be made to secure data as to the proper size of 
cabinet to furnish a customer, the proper number of days to make deliveries 
and the day of the week on which to make deliveries. Such a study would 
make it possible to establish a sound cabinet and delivery policy and elimi- 
nate excessive cabinet holes and excessive number of deliveries. The deter- 
mination of the proper delivery days will assure the dealer ample stock 
and maximum sales. W.H.M. 

215. Stimulating volume through maximum use of cabinets. W. D. 

Dobson, Carnation Co., Los Angeles, Calif. Ice Cream Trade J., 44, 
3 : 54-55, 99-101, March, 1948. 

Information on how to build sales volume through better use of cabinets, 
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redueinjr costs tJirou^li optimoin tise oiv eqni,pmeiit, the cost of fur- 
nishing cabinets and cabinet rental schedules is presented. In dry stops, 
the cabinet should be where it can be seen and where there is heavy store 
traffic; near the elieek stand usuaU^^^ a good location. A lighted, super 
structure, a tilted mirror showing the inside of the cabinet, and attractively 
arranged stock are points which have been iised effectively by chaiii stores. 
In wet stops, visual display of packaged ami bulk ice cx'cam has been found 
to increase sales. The display of related items such as cones, cakes, cookies 
a.nd toppings may be used to attract attention and sell these items, as Avell 
as ice cream, in increased amounts. 

The right-sized cabinet is needed for the various accounts; studies 
should be made at frequent intervals to determine if the cabinets are being 
utilized effectively. Cost figures should be detexmiined on eabmets of vari- 
ous sizes. For example, this conipany has determined that a 12diole, double- 
row^ conventional cabinet costs $10,84 per month, consisting of : depreciation 
(6 yB.), $3,94; interest (6% on the unamortized balance), $1,06; field labor 
servicing cabinets, $1.06 ; maintenance and material, $0.31; shop repair 
and labor, $1.62; and overhead in cabinet department, $2.35. “W.H.M. 

216. A study of ice cream delivery practices. Anonymous. lee Cream 
Trade J., 44, 2: 44, 45, 85. Feb,, 1948. 

Information is presented on frequency of delivery, driver salesmen's 
wages, commissions, cabinet investments, size of cabinets, and size of new 
equipment. Thirty-two per cent of the replies from manufacturers in- 
dicated 3 deliveries per week iu summer and 2 in winter was most efficient. 
Various other combinations, up to daily delivery, were suggested. Location 
of store wuth respect to the plant or on a route was listed most often as in- 
fluencing the number of deliveries which should be made. There 'was no 
uniformity in replies regarding the frequency of delivery to accounts of 
different size. However, 47% thought tliat 5 gallons was the least amount 
that could be delivered economically and a majority thought that 100 gal- 
lons per year was the least amount of sales that justified an investment in a 
cabinet. In reply to the que>stion regarding the preference for larger 
cabinets and trucks, 68% 'of the manufacturers stated that they w^ould 
buy larger ones. Forty-five per cent of the manufacturers pay drivers a 
salary and commission. Commissions range from 1 to 6 cents per gallon. 

W.H.M. 


m 




(S E . - 

I- i I 'J 


w 




217. A study of ice cream delivery practices. Anonymous. Ice Cream 
Trade J., 44, 1 : 38-40, 73-74. Jan., 1948. 

The high points of a survey of 1945 delivery practices of 350 companies 
made by the Statistical and Accounting Department of the International 
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Assor 3 iation are as follows : (a) Tlie cost of distribution eoirstitiited a smaller 
share of the operation in 1945 as compared with 1941, dropping from 
29.05% of the expense dollar in 1941 to 20.19% in 1945. Distribution cost 
mcludes delivery and customer service and selling, (b) Cost of products 
used in ice cream increased from 45.43% of the expense dollar in 1941 to 
54.6% in 1945 — -an increase of more than 20% in cost, whieh was oifset to 
a large extent by the drop in distribution cost (c) Manufacturing and 
administrative costs in the 2 years were about the same. Administrative 
cost ill 1941 was 5.57 % of the expense dollar and 5.76%/ in 1945 ; manufac- 
turing costs were 19.95%? and 19.37%, respectively, (d) More than four- 
fifths of the ice cream volume (87.09%ci) is handled via the peddle system 
in delivering ice cream, (e)’ Most cabinets from which ice cream is sold 
are loaned to dealers w'ith no rental cdiarge; 61% of the cabinets \vere in this 
category. However, a surprising number of cabinets (18.6%?) w^ere rented 
to dealers and 20.4 were owned by the dealers, (f ) The manufacturers who 
use 2 of the foregoing methods of cabinet service sell 53.88% of the ice 
cream; 16.79% use all 3 methods; 20.19% use only 1 method; and 9,14% 
did not answer, (g) The frequency of delivery was limited by 87.12% of the 
ice cream manufacturers, and this group sold 90.99% of the ice cream, 
(h) Of those answering the survey, about 47.5% felt that 5 gallons was the 
least amount that could be delivered eeonomieall}^ ; 26.02% thought 10 gal- 
lons; 6.85%, 15 galloixs; and 4.11%, 20 gallons. However, 5.93%; felt that 
they could deliver as little as 2.5 gallons economically, (i) Some 45.71% of 
the ice cream manufacturers pay a salary and commission to their driver 
salesmen ; 5.4% pay a commission only. The most popular commission was 
1 cent per gallon, with 2 cents per gallon the next most popular method. 

WMM, 


218. *‘Dry stop’’ merchandising equipment makes its debut. Anonymous. 

Ice Cream Trade J,, 44, 1 : 46--47, 70--73. Jam, 1948. 

^^Dry stop’’ merchandising equipment, with its display and advertising 
facilities, not only enables the ‘^dry stop” dealer to direct attention to his 
ice cream products, but also gives him an opportunity to promote the sale 
of factory-filled packages on a greater scale than ever before and provides 
him with the means for selling cones, sundaes, frappes, hot fudge, carry- 
out bulk and other items not requiring carbonation. A detailed description 
. of suitable units is given. W.H.M. 

219. Package production for consumer acceptance. J. C. Ppefper, G. P. 

Gundlaek & Go., Cincinnati, Ohio. Ice Cream Trade J., 44^ 2; 52, 

54, 83-85. Peb., 1948. 

Sanitation, package design, and mix composition are among the factors 
that will influence favorably the sale of packaged ice cream. There seems 
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to be a demand for botli tlie regular 12% and the deluxe high-fat, low-over- 
rim ice cream. 

The standard package is one of about 12% fat and 39% total solids, with 
about 75 to 80% overrun and frozen in a contiiiuous freezer and hardened 
quickly in 0 to 7 hr. The purpose of the deluxe package is to make a prod- 
uct which wnll be accepted by the consumer who has demanded bulk dipped 
icecream. W.H.M, 

220. 1947 gallonage. Anonymous. Ice Cream Trade J., f-i, 2: 48, 95, 96. 

■ . .Feb., 1948. 

The 1947 jirodiiction of ice cream was 622,400,000 compared to 708,913,- 
000 in 1946, or a 12% drop, according to tlie preliminary report of the 
U.S.D.A. Bureau of Agricultural Economics. W.H.M. 

221. Price trends. V. M. Rabufpo. Ice Cream Trade J,, 1: 34-35, 

64-68. Jan., 1948. 

The sky-rocketing cost of ice cream ingredients, together with other 
increases, has resulted in an increase of 8 to 15 cents per gallon for bulk and 
packaged ice cream in most of the larger cities. Typical selling prices for 
bulk vanilla ice cream are as follows: New York City, $1.66; Up-state New 
York, $1.60 to $1.65; Boston, $1.60 to $1.65; Chicago, $1,76; Los Angeles, 
$1.45; Milwaukee, $1.55; Minneapolis, $1.15; South, $1.50; Philadelphia, 
$1.52 ; Pittsburgh, $1.47 ; and Cineinnati, $1.45. Pint packages are priced in 
New York at $1.86 — up 16 cents per gallon, and the higlier-fat French type 
was up 24 cents per gallon, to $2.24. Retail prices generally have advanced 
from 2 to 5 cents on factory-filled pints. W.H.M, 

]\IILK 

222. Off -flavors in market milk. A, A. Schock and D. F. Breazeale, S. 

l3ak. State Coll. Milk Plant Monthly, 36, 9 : 28-30, 32, 48-49. 1947. 

The authors summarize the causes of off-flavors of milk. The milk off- 
flavors are classified as follows: (a) those transmitted by the cow, (b) 
those absorbed directly by the milk from the atmosphere, (c) those that 
gain entrance into milk directly from bacterial contamination, and (d) 
those, resulting from enzymatic, chemical and photochemical changes oc- 
curring in the milk. In order to provide consumers with w^holesome milk 
having a pleasing flavor, milk processors should pay especial attention to 
intake selection of milk, cleanliness of equipment, stainless steel construction, 
processing temperatures, and a daily check on the bottled product. Special 
emphasis is placed on the importance of having a well trained man who 
knows milk flavors at the receiving platform. G.M.T. 
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223, Determmation of time taken in three phases in a H,T.S-T. pasteur- 

izer. J. V. Pascoe. Australian J. Dairy Teehnol., 1 : 3-5. 1948. 

A. 0,1% water solution of methylene blue was introduced into the 
pipe from milk pump to regenerator by dissembling when the machine^ rum 
ning on water, was stopped. Upon resumption of pumping, 3-oz. samples 
were taken at 3-second intervals entering the holder from the heating 
plates, entering the regenerator after holding and leaving the regenerator 
before entering the brine cooler; Dye concentrations in the samples wwe 
determined with a Zeiss Pulf rich Photometer, after necessary dilution. 
The average holding time was 37.5 seconds, but some material eaine through 
in 18 seconds. F.B.N, 

224. A laboratory high-temperature short-time pasteurizer. J. V. Pasgob. 

Australian J. Dairy TeehnoL, oVl: 5-7. 1948. 

An apparatus based upon rapid and controlled changes in temperature 
of the heating and cooling water surrounding aluminum tubes eontaming 
1.5 ml. of milk agitated by aluminum plungers within the tubes is described; 
The apparatus has been used to duplicate heating, holding and cooling times 
of commercial pasteurization equipment F.B.N, 






225. Cream bodying. (4; 6 . Gibson, Sidney ^ W and Sons, Inc,, 
Chicago, 111. Milk Dealer, Feb., 1948. 

Methods by which the body or viscosity of cream can be increased are 
reviewed and diseussed. A practical method based on 12 yr. of experience 
is outimed. Separate the cream as near the desired test as possible but al- 
ways be sure that the fat is high enough for the desired test. It is much 
easier and better on the cream body to bring the test down by adding milk 
or skim than it is to use heavy cifeam to bring the test up. Cool immediately 
to F. or less. Standardize and pasteurize. Cool to 40° F. or lower. 
Allow to stand for at least 0.5 hr., preferably 2 hr. or longer, if possible. 
Warm cream to 82-87° F., depending upon such things as season of year, 
type of vat, speed of agitation, and cream used. Hold 5 min., without agita- 
tion, after reaching desired temperature. Cool cream to 42° F. and watch 
cream closely from this point on in cooling ; as soon as an increase in vis- 
cosity appears, stop agitation. If no increase occurs, cool cream to 38° F. . 
Allow cream to stand at cooled temperature for at least 0.5 hr. or longer 
(up to 2 hr.) if possible. Just before bottling, agitate cream until desired 
viscosity is reached. This may take only 10 sec, or it may take 10 min., 
but at this point the cream can be put near the same viscosity every day. 
Cheek viscosity of the cream after it is bottled and again after 24 hr, to 
determine what kind of viscosity cream has when the consumer receives it. 
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Ten common causes of excessive sediment in milk. Part 8. Milking 
machine suction cups. 0. B. A. Bryant, Joimson and Jolmson, 
Chicago, 111. Milk Plant Monthly, 36, 9 : 70-72. 1947. 

The use of a milking iiiaehiiie does not necessarily insure freedom of 
extraneous matter in the milk, as indicated by farm sediment cheeks. Sedi- 
ment found in milk indicates 3 principal sources of contamination, namely, 
dirt on the teats; suction cups dropping down during the milking process, 
wliere tlie^" pick up shavings, bedding and other extraneous matter; and 
from careless storing of the suction cups' themselves, G.M.T. 


227. 


Three-day milk delivery. Anonyaioub. Milk .Dealer, 37, 6: 40, 
102-104, March, 1948 

Tliree-day-a-week milk delivery in Columbus, Ohio, is no longer an ex- 
]}efiment. Tlioroughly tested on a marketwide basis ^sinee it was first in- 
troduced in Oct., 1943, 3-day delivery is enthusiastically endorsed by Colum- 
bus milk dealers, routemen, plant emploj’-ees, and consumers. Milk is re- 
ceived from the farm 7 days a week. Sunday milk-receiving requires a 
skeleton plant crew on that day — enough men to operate the receiving room 
and storage department. All other plant men and all drivers have Sundays 
■ ■■ ■ 

The production advantages and disadvantages and delivery advantages 
and disadvantages are given. The problem of indequate storage space in 
refrigerators of consumers and in plant storage rooms was partially solved 
through the adoption of the stpiare bottle. C.J.B. 


228. Billing retail customers. E. Thom. Milk Dealer, 37, 5; 40-42, 
132-136. Feb., 1948. 

Sending out monthly statements to retail milk route customers can and 
does range from a highly complex accounting and bookkeeping system, com- 
plete ill every detail, to a method over-simplified to a point where it consists 
merely of the routeman leaving a note stating ^‘You owe $9.20 A general 
picture of some of the forms now used in the industry and some of the ad- 
vantages and disadvantages encountered by the users of these forms is pre- 
sented, The information is based on a questionnaire sent out to a selected 
list of milk dealers, both large and small, in all parts of the countiy. 

C.J.B. 


SANITATION AND CLEANSING 


A review of the literature pertaining to the chemistry of can wash- 
ing. L, L. Little, E. P. Drew & Co., Inc., Boonton, N, J. Milk 
Plant Monthly, 36, 11 : 22-24, 26, 38, 40-41. 1947. 

Washing compounds for cans should have properties of detergency, in- 
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iiibitioii of film and scale formation, and j^reYention of corrosion. Film 
formation can be prevented tlirougli the use of secpiestering agents. Cor- 
rosion rate of metals increases rapidly Avith decreasing pH, there being no 
justification for the general belief that organic acids are inherently less 
eorrosive than inorganic acids when compared on a uniform pH basis. The 
detergent properties of the various alkalivS have been firmly established 
through many years of application in cleaning operations. Detergents com- 
prising alkalis, condensed phosphates, and synthetic detergents may be 
expected to act on the soil throngh physiearaction, base exchange, electro- 
chemical action, saponification, and surface activity. Acid cleaners may 
be expected to act on soils through dissolving miikstone, physical action, 
and surface activity. Forty-six references are cited. G.M.T. 

230. Planned dairy plant sanitation. M. P. Baker., Dept, of Dairy In- 
dustry, Iowa State College, Ames. Milk Dealei', 37 ^ 6: 118-122. 
March, 1948. 

The sanitation of dairy plants is discussed under inspection of equip- 
ment, operations, store rooms and other non-processing rooms, and premises. 
The article is summarized as follows: Plant sanitation is related to efficiency 
of operation, quality of products and to public relations. In a planned pro- 
gram of plant sanitation it is important to outline first the objectives, the 
procedures to be followed and the time of the activities connected with the 
program. The management should be actively interested and, whenever 
possible, take an active part. Peeords should be kept in detail ; they help in 
measuring progress and also in organizing desirable changes as their need 
becomes apparent. C.J.B. 




231. Once upon a time there was a neglected milking machine. J. Kee- 
nan, Pennsylvania Salt Manufacturing Co. Milk Dealer, 37^ 6 : 42, 
43, 94. March, 1948. 

Good milk utensil care is summarized. Before milking, rinse all utensils 
with water containing 200 p.p.m. chlorine. Use same strength, hot, for 
cleaning eows^ udders. Immediately after milking, rinse all utensils with 
clean cold Avater. Then brush all utensils with hot water containing a good 
soapless dairy Avashing powder, and suck it through the milker units. Hang 
cup units of milking machine on rack and fill Avith fresh lye solution. Use 
4 level teaspoons of lye to each gallon of Avater. Drain after 20 min. in 
freezing weather. Dismantle milker at least once a AA^eek, clean thoroughly, 
and replace worn or faulty rubber. TAviee a month, give rubber the hot 
lye soak treatment, using 1 heaping tablespoon of lye to each gallon of 
water. Scrub all parts after rinsing Avith a good milk stone remover 
, solution. ^ C.J.B. , 
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232. Excessive “oiling off” of frozen cream can. be prevented, G. M. 

Trout, Michigan State College. Pood Freezing, .3, 9 : 628, 629, 641, 

648. Aug., 1947. ' / 

The results of research of a number of worker's, inelnding that of the 
author, on the control of oiling-off of frozen cream are presented. Addition 
of 10 to 15% sugar prior to freezing, r^iile the best practical control pro- 
cedure, places limitations on the nse of the cream. Quick freezing, rapid 
defrosting, separation of milk when the fat is in the solid state, and im- 
mediate freezing Avilliout holding the precooled cream, slightly improve the 
stability of the fat emulsion. Homogenization, effective in re-emusifying 
oiled-off ereain, does not stabilize the fa.t emulsion when such cream is 
frozen and tharved. L.M.D. 

233. A quality control program for dairy plants. J, H. Health, Southern 

Dairies, Winston-Salem, N. C, Milk Plant Monthly, 57, 2: 57-59, 

69. 1948. 

A quality control program for dairy plants should include field, plant, 
and laboratory control. Field control should vrork toward the production 
of more high quality milk, convineing the producer that- the plant is sincerely 
enconragiug him to produce economically high quality milk. Plant control - 
might well be summarized as good housekeeping, Laboratory control in- 
volves certain qualitative checks on quality of the milk, tests for butterfat, 
bacteria, phosphatase, acidity, coliform, bottle sterility, and homogenization 
efficiency. \ V 

234. How employer-employee relationships reflect good management. 

J. W. Post, Armour and Oo., Chicago, 111. Milk Dealer, 37, 6: 

76-82. March, 1948. 4 

Nothing in business that affects pi-ofit and loss has changed so radically 
in the .past 7 or 8 yr. as have the people who perform the details of the 
opei'ation. The folloAving faA'orable assets of a good employee are given and 
briefly discussed: Careful workmanship, experienced and interested in 
present Avork, industrious, rapid worker, exercises initiative and resource- 
fulness, versatile, cooperative with supervisors, cooperative with associates, 
economical, good housekeeper, makes friends, health, punctual, and prac- 
tices safety rules. 

The following functions of management are given : (a) To analyze, to 
determine Avhat is to be done, how it is to be done, and when it is to be done. 

(b) To train representatives to perform properly the Avhat, how and when 
of the operation, (e) To direct those operations as changes in outside in- 
fluences (such as competition, markets, legislation and emergencies) require. 

The Taft-Hartley Act and employer development also are discussed. 


C.J.B. 
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235. Water treatment in the dairying- industry. A. K. Beenie. Austra- 
lian J. Dairy TechnoL, 5, 1 : 24-32. 1948. 

Water softening by various methods, demineralization, clarification 
cooling systems in which water i.s used, boiler water treatment, water for 
washing purposes and bacteriological treatments are discussed in relatively 

general terms. 


F.B.N. 


it. 


236. The preparation of peaches for freezing. Part IV. J. G. WooD- 

ROOP, liTHYL Sheloe, S. E. Cecil, AND Ida Atkinson. Food Preez- 
iug,. 5, 9 : 632-634. Aug., 1947. 

This excerpt from the Georgia Experiment Station Bulletin 951 , vivos 

detads of prevention of browning of peaches. Aseorbic acid and eitricMid 

are used m combniation, and 4 formulas, 2 for home use and 2 for com- 
mereial freezers, are given. These formulas are recommended as the re- 
sult oi 2 yr. of experimentation with several dozen packs of several varieties 
0 ^ peaches. High conversion corn sirup was found to be fully as effective as 
oO/o eane sirup for sweetening peaches, its use being limited to 50% of the 
o al sugar solids in a pack. A brief discussion of packaging is given, bring- 
ing out the needs of containers for the various consumer usages. L.M.D. 

237. Brine freezing strawberries in tin. C. P. Ellis and J. B. Wegenee, 

h ood Processing Eeseareh Station, TVA. Pood Preezimi' .? T- 92 
56. Dee., 1947. 

_ A report is made of immersion freezing of 1 :4 pack sliced strawberries 
in no 10 cans in a 34% ehromated ealeium chloride brine, circulated at ap- 
vn„™,tcly - 27» F. At the ehd of 60 min., (he ttofrot..: „,e vae 3 in. fa 
diameter, 4.5 in. deep, and had a frozen circumference 1.5 in. in depth 
Ihe teraperatime of the unfrozen core had dropped to 42 from the initial 
temperature of 73° P. There was no definite freezing point, but solidifica- 
tion apparently was completed within the range of 22 to 24 ^ F. 

On the basis of these findings, a commercial freezer put into operation a 
can immersion freezer of 5,850 lb. per hr. capacity using 0 to - 10° P. brine. 
Following 54 mm. of immersion freezing, the cans of berries were washed 
tree of brme m a water spray, put in cartons, and placed in a zero storage 
room which had adequate coil surface for the completion of freezing. Sam- 
ples taken from time to time showed that at the end of 54 min. the unfrozen 
core temperature w^as 44° P. Approximately 60% of the heat removal 
necessary for freezing had been done by the time the cans were removed 
from the freezer and the temperature of the unfrozen contents had been 
lowered sufficiently to arrest fermentation. This method of operation had 
several commendable features : (a) a brine temperature of - 10 to 0° P 
allowed moderate suction pressures at the compressors; (b) after the first 
^tch, there was continuous operation; (c) the major portion of heat me- 
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traction load was handled in the f;^eezer ; (d) tl^e capacity of storage rootns 
greatly increased without the danger of an excessive temperature rise ; auid 
(e) faster freezing resulted in rapid temperature drop through fermentation 
range compared to doing all freezing in the storage room even if designed 
for a heavy load. ■ , L.M.D. 

238. The truck-trailer industry moves to keep abreast frozen food| 

progress. J. B. Hulse, Truck-Trailer Mfrs. Assn,, WashingtoiijT)* 

0. Food Freezing, ^, 1: 36-37, 56. Nov., 1947. 

This is the first half of an article clarifying misconceptions existing as 
to the facilities available for truck transportation of frozen foods and- setting 
forth progress that has been made in the design of low temperature truck- 
trailer bodies and their refrigeration to handle frozen food transfer safely 
and efficiently. The author emphasizes that the refrigerated trailer vehicle 
is not intended to be used as a food processing plant. The advantages and 
disadvantages of the existing refrigerating systems are given. L.M.DL 

239. Food Freezing’s survey of state locker laws and regulations. Anon- 

TMOTO. Food Freezing, 3, 10 : 693-695, 710^ 712. Sept., 1947. 

Tke rapid assumption of status as a public service agenf is evidenced 
in the wide scope of state locker plant laws and regnlati&ns enacted since tbe 
adoption of tbe first such statute by Iowa in 1939. Today 2 ^ staitbs bawe 
specific locker laws, and all but a handful of tbe others provide control 
t.brough.adap’tations,of existing statutes to cover regulatory action by state 
departni^Bts'. The main potion of the article embodies: a tabular con- 
dehsa^ott pf looker, .jplant lavm for the 48 states, showing a stri3^)|g:ii^;,bi 
uniformity, 'and, inadequacy of protection of 'the patron against poor prac- 
tices. Onthp other hand, there is evidence of a growing tendency toward 
more implicit adherence do the technological advances in the food-freezing, 
fieW. ^ ' ’, 4 ., “ ' LM.D. 

240. Steps in the handling of frozen fish in the freezer warehouse J, M. 

Lemon, Technological Sec., Division of Commercial Fisheries, Fish 

and 'Wildlife Service. Food Freezing, 3, 9 : 606-608, j, 642-645. 

Aug., 1947. , ■ ■ ■ ■ '■ 

A trialSpas made of flavor absorption of butter stored at 10 ° ,F. with, 
packaged fish. The butter, ordinarily wrapped and 93 score, WajS placed in 
sealed tins aJso containing various species of feh fillets individually wrapped 
in cellulose-base moisture-vapOr-proof material. One control sample was 






